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NRC RAI 6.2-102 S01:

DCD Tier 2, Revision 3, Sections 6.2.4.3.2.1 and 6.2.4.3.2.2, state that the passive containment -
cooling system (PCCS) has no containment isolation valves ( ClVs). The heat exchanger modules
and piping of the PCCS, outside containment, form closed systems. As the justification for
having no CIVs, the DCD states that the PCCS does not penetrate containment, because the heat
exchanger modules and piping are designed as extensions of the safety-related containment, and
that the design pressure of the PCCS is greater than twice the containment design pressure and
the design temperature is the same as the drywell design temperature.

In RAI 6.2-102, the staff stated that the PCCS must have CIVs, and, supported its position wzth
extensive citations from the regulations (10 CFR Part 50, Appendix A, General Design

Criterion 56) and the applicable official NRC guidance (Standard Review Plan 6.2.4, Rev. 2,
"Containment Isolation System,” and Regulatory Guide 1.141, "Containment Isolation
Provisions for Fluid Systems," dated April 1978, which endorses national standard
ANS-56.2/ANSI N271-1976, "Containment Isolation Provisions for Fluid Systems" (national
standard)). Staff provided a quotation from the national standard that stated that even if the
“closed system outside containment is treated as an extension of containment, at least one CIV per
line is still necessary.

GE's response, ME'N 06-466, was a reiteration of their position that the system is considered an
extension of the containment boundary, meaning that there are no containment penetrations in
the PCCS, and therefore GDC 56, the SRP, the RG, and the national standard do not apply. The
applicant cites several documents (other SRPs and GDC) which contain design provisions for
the containment boundary, and states that the PCCS satisfies these provisions and so is an
extension of containment.

Staff’s Review of GE's Response:

(1) Staff’s review found that the documents cited by the applicant only address design provisions
Jfor the containment in general such as for the walls and roof. The documents cited do not
address any situation which is like the applicant’s design (that is, a piping system outside of
containment) or explain why no CIVs are needed in such a design. On the other hand, the
guidance documents cited by the staff do specifically address designs like the PCCS.

(2) Staff understand that there is no explicit definition of "containment penetration” in the
documents cited in staff's original RAI. Perhaps the authors felt that, when a pipe passes
through the containment wall or voof (like the PCCS does), that this was obviously a A
containment piping penetration. However, there is the following definition in the national
standard, in section 2, "Definitions and Terminology":

Penetration assembly. An assembly that allows fluid lines or electrical circuits to
pass through a single aperture (nozzle or other opening) in the containment.

Also, the national standard begins as follows:
1. Purpose and Scope

The primary purposes of this Standard are to specify minimum design, testing and
maintenance requirements.-for the isolation of fluid systems which penetrate the
primary containment of light water reactors. These fluid systems include piping
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systems (including instrumentation and control) for all fluids enterihg or leaving
the containment. :

When applying the definitions of the national standard, it can reasonable be interpreted that
‘the PCCS design does indeed have containment penetrations thus requiring CIVs.

(3) Even within the DCD, there is contradiction as to whether the PCCS has containment
penetrations. Revision 3 of the DCD contains a new table, 6.2-47, titled "Containment
Penetrations Subject to Type A, B, and C Testing.” This table lists 18 containment
penetrations in the PCCS, numbered T15-MPEN-0001 through T15-MPEN-0018.

Staff agrees that the portion of the PCCS outside of containment is considered to be an extension
of containment. However, the applicant concludes without sufficient justification that this
inherently means there are no containment penetrations and thus no requirement for any CIVs.
The applicant has not provided precedents, regulations, guidance documents, or any other
reference to support this conclusion.

Alternatively, staff has cited a national standard endorsed by Regulatory Guide 1.141 which
specifically address the case of a closed system outside of containment which is considered to be
an extension of containment. This national standard states that there must be at least one CIV in
each line.

Provide additional justification for the current design of the PCCS, or revise the DCD with a
redesign of the system to include CIVs, per the NRC's applicable regulatory position.

GEH Response:

GEH understands the position taken by the NRC in RAI 6.2-102 and its supplement, and agrees
that the DCD is in need of clarification in areas that describe the ESBWR Passive Containment
Cooling System (PCCS) design.

As stated in the RAI supplement, there is no explicit definition for several terms including
"extension of containment”, and GEH's use of these terms is necessarily different from that of
several regulations that require isolation valves for pipelines of separate external cooling
systems. Therefore, it is GEH's intention to provide a more explicit and specific description of
the ESBWR containment's passive cooling in the DCD so it is better understood how the
function is an integral part of the containment and structural boundary. This design approach is
diametrically opposite of a traditional extension or closed system that provides the cooling
function from outside of containment.

The original response to the RAI indicated the ESBWR containment cooling would be designed
with consideration given to Standard Review Plan (SRP) 6.2.1.1.C instead of the documents
listed by the staff (10 CFR 50, Appendix A, GDC 56; SRP 6.2.4, Revision 2;

ANS-56.2/ANSI N271-1976; and Regulatory Guide 1.141). It was by no means GEH's intention
that SRP 6.2.1.1.C would be the only guidance considered in the design of the PCCS. ’

PCCS provides a functional feature of the ESBWR primary containment that assures cooling in
the event of a design basis accident (DBA) or anticipated operational occurrence (AOO), the
result of which is a loss of normal containment cooling. PCCS is an inherent capability designed
into the containment structure, and is not intrinsically a separate fluid process system. This is a
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specific departure from the past BWR plant designs including the ABWR. All past BWR
containment designs have relied upon an external active safety-related fluid heat exchange
system to provide containment cooling in response to DBA and AOO instrumentation and
control (1&C) indications and control room operator response actions. To provide a safer and
more reliable containment cooling function, PCCS negates the need for a separate active
safety-related cooling system, and thus eliminates the need for fluid piping penetrations.

The ESBWR containment is designed under the scope of ASME Section III, Division 2,

Article CC-1000. Within this article is Paragraph CC-1120, General Requirements, which states
"The rules of Division I shall apply as required in this Subsection for parts and appurtenances not
backed by structural concrete for load carrying purposes”. As an integral part of the containment
structural boundary not backed by concrete, PCCS is under the scope of ASME Section 111,
Division 1, NE-1130(a), which covers "the containment vessel."

In addition, as described in the original response to the RAI, the PCCS must be designed in
accordance with GDC 2, 4, 16, 38, 39, 40, 50, 51, 52, and 53. The PCCS, therefore, does not fall
under the scope of GDC 56.

Regulatory documents such as SRP 6.2.1.1.C are not limited to a simple wall and roof style -
containment, and the design of the ESBWR containment cooling function does have precedent.
As an example, consider the Mark I style containment, shown below, which is included in the
scope of SRP 6.2.1.1.C. '

i.ﬂ?ﬁmal eontalnimant
2. Drya

3. Wﬂmm -

4. Suppression Pool

5. Verit syshtam

In a Mark I containment, the "light-bulb" shaped drywell is connected through a reinforced-
concrete barrier by a series of metal ducts to the wetwell metal torus. This wetwell design is a
contiguous part of the containment (not an extension or closed system outside of containment).
This design contains many features that are similar to the ESBWR, including the vent duct
connections between the drywell and torus, which is a structural containment barrier that is not
reinforced by concrete. The ESBWR containment can be understood as an extrapolation
beginning from the Mark I containment.
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Thus, the ESBWR containment design is an evolution, built on GEH's experience with previous
containments, and specifically designed to incorporate the safety-related function of containment
cooling directly into the containment structure. Accordingly, GEH has pursued following a
design development that satisfies the applicable ASME Code requirements for Class CC and
Class MC containment vessel design and construction.

The national standard definition of "penetration assembly" does not apply to the ESBWR PCCS
function because the PCCS does not require fluid piping to "pass through a single aperture
(nozzle or other opening) in the containment." By definition, a system that forms an integral part
of the containment boundary cannot do this.

GEH understands that the DCD contains numerous inconsistencies regarding this topic. In some
places, the PCCS is correctly described as function built into the containment boundary. In other
places it is incorrectly described as if it were an extension of containment or a closed system
outside containment. :

An extensive review of the DCD has been performed to standardize the description of the PCCS
as being an integral part of the containment boundary. These descriptions will be revised in both
DCD Tier 1 and DCD Tier 2 to correct all inconsistencies.

DCD Impact:

The following sections of DCD, Tier 1, and DCD, Tier 2, will be revised as shown in the
attached markups:

e Tier 1, Subsection 2.15.4

e Tier 1, Table 2.15.4-1

e Tier 1, Figure 2.15.4-1

e Tier 2, Figure 1.1-2

e Tier 2, Subsection 1.2.2.15.4

e Tier2, Table 1.3-2

e Tier 2, Sections 3.1 and 3.8

e Tier 2, Table 3.2-1

e Tier 2, Subsection 3.9.3

e Tier 2, Section 6.2 and Subsection 6.6.1
e Tier 2, Tables 6.2-10 and 6.2-47

e Tier 2, Figures 6.2-1, 6.2-15, and 6.2-16
e Tier 2, Subsections 7.1.5 and 7.3.2 |

e Tier 2, Subsections 9.1.6 and 9.2.5

e Tier 2, Subsection 15.5.6

e Tier 2, Subsection 16.3.6.1.7, 16B.3.6.1.7, and 16B.3.7.1
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2.154 Passive Containment Cooling System

Design Description

The Passive Contamment Cooling System (PCCS), in conjunction with the suppression pool,
maintains the contamment within its pressure limits for DBAs such as a LOCA, by condensing
steam from the Drywell atmosphere and retumning the condensed hiquid to the Gravity Driven
Cooling System (GDCS) pools. The system is entirely passive, with no moving parts. No action
is required for the PCCS to begin operation.

and transfers heat from the drywell to water m a large cooling pool (IC/PCC pool) located
outside the primary containment, which is vented to atmosphere.

Each PCCS condenser is located in a subcompartment of the IC/PCC pool. The IC/PCC pool
subcompartments on each side of the reactor building commmmicate at their lower ends fo enable
full use of the collective water inventory, independent of the operational status of any given
PCCS &mincondenser.

Each #mimcondenser, which is epes-tean integral part of the containment, contains a drain line to
one of the three GDCS pools, and a vent discharge line the end of which is submerged in the
Ppressure suppression pool.

The PCCS lesps—condensers are driven by the pressure difference created between the |
containment drywell and the suppression pool during a LOCA, and as such require no sensing,
control, logic or power actuated devices for operation.

The PCCS is classified as safety-related and Seismic Category I, and designed to ASME Code
Section III, Class 2\C, Quality Class B. |
Together with the suppression pool, the six PCC condensers limit contamment pressure to less

than its design pressure. The Dryer/Separator pool and Reactor Well shall be designed to have
sufficient water volume to provide makeup water to the IC/PCC pools for the initial 72 hours of

alLOCA.

The PCC condensers are elosed-loop-estensionsan integral part of the contsimment pressure |
boundary. Therefore, there are no containment isolation valves and they are always in “ready
standby.”

The PCCS can be periodically pressure-tested as part of the overall containment pressure testing
program. The PCC lesps-condensers can be isolated for individual pressure testing during |
maintenance.

During refueling outages, in-service inspection (ISI) of PCC condensers can be performed, if
necessary. Ultrasonic testing of tube-to-hestes-drum welds and eddy current testing of tubes can
be done with BECsPCC condensers in place.

Imspections, Tests, Analyses and Acceptance Criteria

Table2.15.4-1 provides a definition of the inspections, test and/or amalyses, together with
associated acceptance critenia for the Passive Containment Cooling System
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design pressure of 310 kPa gauge (45
psig)
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instrumented to measure strains per
ASME Code Section I1I, Div. 1, NE-
6320

26A6641AB Rev, 03
ESBWR Design Control Document/Tier 1
Table 2.154-1
ITAAC For The Passive Containment Cooling System
Design Commitment Inspections, Tests, Analyses Acceptance Criteria
1. The basic configuration for the POCS | 1. Inspections of the as-built system will | 1. The as-built PCCS conforms to the
is as shown in Figure 2.15.4-1, be conducted. basic configuration shown in
Figure 2.15.4-1,
a The PCCS is classified as safety- a. Inspections of the as-built PCCS is a lbedapwu.dh&bﬂm
related and Seismic Category I, and classified as safety-related and is classified as
designed to ASME Code Section III, Seismic Category I, and designed to Se-chtyLuddupdu
Class 2MC, Quality Class B. ASME Code Section ITI, Class 2MC, ASME Code Section ITI, Class 2MC,
Quality Class B, Quality Class B.
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Design Commitment Inspections, Tests, Analyses Acceptance Criteria
limit containment pressure to less than performance characteristics than those containment design pressure.
its design pressure for 72 hours after a of a full-scale test unit of established
LOCA.

performance capability.
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Figure 2.15.4-1. Passive Containment Cooling System Schematic
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gratings. Monorails are suspended from the ceiling of the drywell for hoists to work on NSSS
equipment.

1.2.2.15.4 Passive Containment Cooling System

The Passive Contaimment Cooling System (PCCS) mamtams the containment within its pressure
himits for design basis accidents such as a LOCA. The system is passive, and afies-initintion.
mmmmw

The PCCS consists of six Jow pressure, mdependent 4a: i PR e m condenser
WMMMMWMuhmn&-ﬂ
transfers heat from the drywell to water in a large cooling pool (IC/PCC pool), which is vented to
the atmosphere.

Each PCCS condenser is located in a subcompartment of the IC/PCC pools. The IC/PCC pool
subcompartments on each side of the Reactor Building commmmicate at their lower ends to
aubleﬁ:!lmeofﬂnecollechuemm Md&mﬂmdq
mwwhﬂumw_ﬂnwml&nmm
the GDCS pool and a vent discharge line, the end of which is submerged m the pressure
suppression pool.

The PCCS condensers iwiss—are driven by the pressure difference created between the |
confamment drywell and the wetwell during a LOCA. Consequently, they require no sensing,
control, logic or power actuated devices for operation.

The PCCS is classified as safety-related and Seismic Category 1.
Twmhmmmmhmmmm

The PCC condensers are an intepral part elesed-leep-aniensiens-of the containment pressure
bulllhy Therefore, there are no contaimment isolation valves and they are always in “ready

leOCSmhpmoﬁullymwuptdauﬂmmm
The PCCS condensers &sins-can be isolated for individual pressure testing during maintenance.

During refoeling outages, in-service mspection (ISI) of PCCS condensers can be performed, if
necessary.- beeawse wl/ltrasonic testing of tube-to-drum heater-welds and eddy current testing of
tubes can be done with PCCS condensers in place —The-RBEC-condensess-are-located-m-the
Bl peeler

The safety-related monitored parameters for the IC/PCC pools are pool water level and pool
radiation. IC/PCC expamsion pool water level monitoring is a fimction of the FAPCS, which is
addressed in Subsections 12.2.6.2 and 9.13. IC/PCC expansion pool radiation monitoring is a
function of the PRMS, which is addressed in Subsection 1 223 1 and Section 11.5.

12-65
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Table 1.3-2 Comparison of Emergency Core Cooling Systems and Safety-Related
Containment Cooling Systems

System Units ESBWR ABWR
Capacity per division m'fs 0.1399 NA
(gpm) (2200)
Containment Cooling System (Saction 6.2)
Residuzal Heat Removal (RHR)
Number of loops None . 3
Number of pumps NA 3
Number of heat NA 3
exchangers
Heat exchanger type N/A Homnzontal
U-Tube/Shell
Passive Contammment Cooling System
Number of pumps 0 N/A
Number of heat 6 NA
exchangers
Heat exchanger type Vertical Tubes commected NA
to Horizontal Drums :
Heat transferfunit MW 1.0 NA
(Btu’s) (1.0435x10% '
Number of cooling pools 6@ NA
Cooling pool capacity 72 hus decay heat N/A

Notes for Table 1.3-2:

(1) Interfacing with 3 GDCS pools.

() Reported GIDCS flow rate is after quasi steady-state is reached with a 13.8 kPa (2 psid) back pressure.

(3) The heat tramsfer is based on (a) pure ssturated steam condensing in the tubaes st 308 kPa (45 psia), and (b) pool
water at 101°C (214°F) and open to smogpheye.

(4) The POCS pools are siranged in two sets of three subcormpartments. All IC/RCC pool subcompartments
communicate at their lJower ends to allow full use of the collective water inventory.

139
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3.1.4.8 Criterion 37 — Testing of Emergency Core Cooling System
Criterion 37 Statement

The Emergency Core Cooling System (ECCS) shall be designed to permit appropriate periodic
pressure and functional testing to assure (1) the structural and leaktight integrity of itz
compaonents, (2) the operability and performance of the active components of the gystem, and (3)
the operabihity of the system az a whole and, under conditions as close to the design as practical,
the performance of the full operational sequence that bnngs the system into operation, inchuding
operation of applicable porttons of the protection system, the transfer between normal and
emergency power sources, and the operation of the associated cooling water system.

Evaluation Against Criterion 37

Each of the ECCS subsystems (ADS and GDCS) is degigned to permit periodic testing to azsure
operability and performance of active componentz of each system.
The ADS DPVs and the GDCS valves cannot be tested during power operation; selected
actuators are removed and test fired during refueling outages. The GDCS check valves can be
ﬁmchnmllytestedmdedmamdmtlmecnnnechm refoeling outage. GDCS flow
testing is condncted as part of preoperational testing. Provxsmns for flushing the GDCS imjection
lines and venturi within the GDCS injection nozzle are provided The ECCS is subject to
pentodic tests to verify the logic sequence that initiates ADS and the GDCS zystem. A periodic
self-test of the logic circuitry is performed to verify operabihity.

- The design of the ECCS subsystems meets the requirements of Criterion 37. For fimther
discussions, see the following subsections:

Chapter/ Title

Section
522 Owerpressure Protection
63 Emergency Core Cooling Syztems

7311 Automatic Depressurization Subsystem
7312 Gravity-Driven Cooling System
16 Technical Specifications

3.1.4.9 Critenon 38 — Containment Heat Removal

Criterion 38 Statement

A system to remove heat from the reactor containment zhall be provided. - The gystem zafety
function shall be to reduce rapidly, consistent with the functioning of other associated systems,
the containment pressure and temperature following any LOCA and mamtain them at acceptably
low levels. :

Redundancy in components and features snd intercommections, leak detection, isolation, and
containment capabilities shall be provided to assure that for on-site electric power system
operation (assuming off-site power is not available) and for off-site electric power system

3135



MFN 06-466 Supplement 1
Enclosure 1 Page 14 of 65

26A6642AT Rev. (4

ESBWR Design Control DocunentTier 2
operation (assuming on-site power i not available), the system safety function can be
accomplished, assuming a zingle failore.

Evalunation Against Criterion 33

The containment heat removal fimction is accomplished by the Passive Contaimment Cooling
System (PCCS). The PCCS provides sufficient decay heat removal post-LOCA, to azsure that
confainment pressure pever exceeds its design pressuye and temperature.

The POCS consists of six independent steam condensers that are an integral part of the
confainment. Each PCCS condenser contams two heat exchanger modules that condense steam
on the tubeside and transfer heat to water in the Isolation Condenser/Passive Containment
Cooling (IC/PCC) pool which is vented to atmosphere. The IC/PCC pool is positioned above,
and outside, the ESBWR contamment (drywell). To assure availability, no valves are

thms precludmg inadvertent isolztion of the Passive Contanment Cooling (PCC) condensers.
The PCCS condensers receive a steam-gas mixture supply directly from the drywell. PCCS flow
18 driven by the pressure difference created between the containment drywell and the suppression
pool during a LOCA. The PCCS does not require power supphies, sensers, control logic, power-
actuated devices or operator actions to function Durmg nommal plant operation, the PCCS
condensers are in “ready standby™.

The PCCS iz designed to Quality Group B Requirements per RG 1.26. The system iz designed
as Seismic Category I per RG 1.29. The common pool that the PCC condenzers share with the
ICs of the Isolation Condenser System is an Engineered Safety Feature (ESF). This pool is
designed such that no locally generated force (such as an IC tube rupture) can destroy its
function. Protechcnrequnenmlsagmnztmechammldamage,ﬁmandﬂoodapplytnthe
common ICG/PCC pool.

The safety-related IC/PCC pool subcompartments provide protection for the PCCS condensers to |
comply with 10 CFR 50, Appendix A, Criteria 2 and 4.

The PCC condensers do not fail in 8 manner that damages the safety-related IC/PCC pool
because i 1s designed to withstand the induced dynsmic loads, which are cansed by combined
seismuic, DPV/SEV or LOCA conditions in addition to PCC operating loads.

The PCCS provides the contaimment heat removal function required m Criterion 38. For further
discassion, see the following subsections:

Chapter/ Title
Section

622 = Passive Containment Cooling System

31410 Cntmon 39 — Inspection of Containment Heat Removal System
Criterion 39 Statement
The Containment Heat Removal System shall be desipned to penmit appropriate periodic -

mspection of important components, such as torus, sumps, spray nozzles, and piping, to assure
the integrity and capability of the system.

3.1-36
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Evaluation Against Criterion 39

The PCCS cordenser is an integral part of the containment (drywell} pressure boundary and it is l
used to mitigate the consequences of an accident. Becanse of this fimction it i3 classiffed as 2

safety-related Engineered Safety Feature (ESF). The PCCS iz designed to ASME Code

Section HI, Class MC and Section XI, IWE requirements for design and accessibility of weldz |
for in-service ingpection to meet 10 CFR 50 Appendix A, Criterion 16. Ultrasomic testing of

tube-to-header welds and eddy current testing of tubes can be done with the PCC condenser in

place.

The containment heat removal system i3 designed to permit periodic inspection of major

components to meet the requirements of Criterion 39, For forther discussion, see the following

subsections:
Chapter/ Title
Section
622  Paszive Containment Cooling System

3.1.4.11 Cnterion 40 — Testing of Containment Hent Removal System

Criterion 40 Statement

The Contamment Heat Removal System shall be designed to penmit appropmate periodic
pressure and functional testing to assure (1) the structural and leaktight integrity of itz
compenents, (2) the operability and performance of the active components of the system, and (3)
the operability of the system as a whole, and, under conditions as close to the design as practical,
the performance of the full operattonal sequence that brings the system into operation, including
operation of applicable portions of the protectton system, the transfer between nommal and
emerpency power somces, and the operation of the associated cooling water system.
Evaluation Against Criterion 40

The Passive Containment Cooling Syztem accomplishes the containment heat removal function.
The PCCS ig an integral part of the containment boundary. It iz designed to be periodically |
pressure tested as part of overall Containment Leakage Rate Testing Program (Subsections
626.1, 6262 and 6.2.6.3) to demonstrate stuctural and leaktight integrity. Also, the PCCS

hapsmnbewolatedﬁxmﬂwdnﬂpmssmet&hng&mgmmtmmoemm—smcempechm
using varicus non-destructive exammation methods.

Functional and operability testmg 12 not needed because there are no active components of the

Performance testing during power operation is not feasible; however, the performance
capability of the PCCS is proven by full-scale PCC condenser prototype tests at a test facility
before their application to the plant containment system design. Performance is established for
the range of incomtsimment environmental conditions following a LOCA. Integrated
contamment coolng tests have been completed on a full height, reduced section test facility, and
themmltshmbemcmehtedwﬂhTRAOGmmﬁapmgmnanalyhcalpmdlmons;thm
computer program is used to show acceptable comtaimment

The&ngnofthgtBHngofmmmmﬂnheatrmmvalsystanmeetstbemqmemnsof
Criterton 40. For further discussion, see the following subsections:

3.1.37



MFN 06-466 Supplement 1
Enclosure 1 Page 16 of 65

26A6642AT Rev. 04

ESBWR Design Control Document/Tier 2
The design of the CIS meets the requirements of Criterion 43. For further discuzsion, see the
following sections:

Chapter/ Title

Section

12 General Plant Description :

625 Combustible Gaz Control in Containment

7 Instrumentation and Control Systems

249 Containment Inerting System

3.1.4.15 Cniterion 44 — Cooling Water
Criterion 44 Statement

A system to transfer heat from structures, systems, and componentz important to safety, to an
ultimate heat sink shall be provided The system safety fimction shall be to transfer the
combined heat load of these structures, systems, and comporents under normal operating and
acctdent conditions.

Redundancy in components and featores, and imtercommections, leak detection, and isolation
capabilities shall be provided to assure that for on-zite electnic power system operation (assuming
off-site power 18 not available) and for off-site electric power system operation (assuming on-site
power is not available), the system safety function can be accomplished, asznming a single
failure.

Evaluation Against Criterion 44

The ESBWR ultimate heat sk is the IC/PCC pool. In the event of a design basis accident, heat
is transferred to the IC/PCC pool(s) through the Isolation Condenser System (ICS) and the |
Paszive Contaimment Cooling System (PCCS). The water in the IC/PCC pool(s) is allowed to
boil and the resnlting steam iz vented to the enviromment. The FCCS has no active components
and requires no electrical motive power or control and instrumentation functions to perform its
safety-related function of transfemng heat to the ultimate heat sink.  The initial IC/PCC pool
volmme, combined with the additional water volome that is tied in automatically from the
Dryer/Separator Pool and Reactor Well, provides sufficient water volume for at least 72 hours
after a LOCA without extemal make-up to the I[C/PCC pools. Therefore, no credible single
failure can preveat the IC/PCC pools from performing its safety-related function

The requirements of Criterion 44 for beat transfer fo the ultimate heat sink are met. For further

discussion, see the following sections:
Chapter/ Title
Section
12 General Plant Description
546 Isolation Condenser System
622 Passive Containment Cooling System
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925 Ultimate Heat Sink

3.1.4.16 Cnterion 45 — Inspection of Cooling Wotar System

Criterion 45 Statement

The Cooling Water System shzll be designed to permit appropmiate periodic inspection of
mmportant components, such as heat exchangers and pipmg, to azsure the integrity and capability
of the gystem.

Evaluation Against Criterion 45

Tke IC/PCC pooal is located outside confammment and is accessible for periodic inspections.
Duning cutages, the IC/PCC pool compartments can be drained to permit inspection of the

IG/PCC pool components.
The features of the IC/PCC pools meet the requirements of Criterion 45. For further discussion,
see the following sections:
Chapter/ Title
Section
12 General Plant Dezcription
546  Isolation Condenser System |
622 Pasgive Containment Cooling System
925  Ultimate Heat Sink | |
14 Initial Test Program

3.1.4.17 Criterion 46 — Testing of Cooling Water System
Criterion 46 Statement

The Cooling Watexr Systemn shall be designed to permit appropriate periodic pregsure and
functional testing to assure (1) the structural lesktight integrity of its compoments, (2) the
operability and the performance of the active components of the system, and (3) the operability
of the system as a whole and, under conditions az close to the design as practical, the
performance of the full operational sequence that brings the system into operation for reactar
shutdown and for loss-of-coolant accidents, incloding operation of applicable portions of the
protection system and the transfer between normal and emergency power sources.
Evaluation Against Criterion 46

Redundancy and isolation are provided to allow periodic inspection of the IC/PCCS pool
compartments. As discussed in the evaluation of Criterion 44, the IC/PCCS pools contain no
active components agide from connections to the Dryer/Separator Pool that open passively to
ensure adequate coolant is provided for at least the initial 72 hows following an accident These
comnections are accessible dunng an outage to permit inspection. The periodic inspections
described in the response to Criterion 45 verify system integrity (see the evaluation of
Criterzon 40). A
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The design of the IC/PCC pools meets the requirements of Criterion 46. Forﬁnﬂmrdlscnssm |
see the following sections:

Chapter/ Title

Section

12 General Plant Description

546 Isolation Condenser System |

622 Passive Containment Cooling System

925 Ultimate Heat Sink |

14 Initial Test Program

16 Technical Specifications

3.1.5 Group V — Reactor Containment

3.1.5.1 Criterion 36 — Containment Design Basis
Criterion 50 Statement

The reactor containment structure, including access openings, penetrations, and the Containment
Heat Removal System, shall be designed so that the containment structure and its internal
compartments can accommuodate, without exceeding the design leakage rate and with sufficient .
margin, the calculated pressmre and temperature conditions resulting from any loss-of coolant
acctdent. This margin shall reflect consideration of (1) the effects of potential energy sources
which have not been inclnded in the determination of peak conditions, such as energy in steam
geperators and, as required by Section 50.44, energy from metal-water and other chemical
reactions that may result from depradation but not total fajlure of emergency core cooling
finctionmg, (2) the limited experience and experimental data available for defiming accident
phenomena and containment responses, and (3) the consexvatism of the calculational model and
Input parameters.
Evalnation Against Criterion 50
Design of the containment is based on consideration of a full spectrum of postulated accidents,
which would result in the release of reactor coolant to the containment These accidents include
liquid brezks, steam breaks, and partial breaks (both steam and liquid). The evaluation of the
confainment design 13 based on enveloping the results of this range of analyzes, plus provision
for appropniate margins. The most limiting short-term and long-term pressure and temperature
responses are assessed to verify adequacy of the contamment strocture.
The design of the containment system meets the requirements of Criterion 50. Far further
discussion, see the following zections:

Chapter/ Title

Section.

37 Seismic Design A
38 Design of Seismic Category I Stractures
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Evalnation Against Criterion 55

The Reactor Coolant Pressure Boundary (RCPB), as defined m 10 CFR 50, Section 50.2,
consists of the reactor pressure vessel, pressure-retaining appurtenarces attached to the vessel,
valves and pipes which extend from the reactor pressure vessel up to and includmg the outermost
13olatton valves. The lines of the RCPB, which penetrate the containment, have igolation valves
capableofﬂohMgﬂnemnﬁmmmLthmebypedu&ngmymgmﬁummofmdlmdmuy
Jush.ﬁcahonfurtbedemgnofeachRCPB penetrating confamment is provided in
Subsection 6.2.4.

The mamner in which RCPB lines that penetrate primary containment meet the requirementz of
Criterton 53 is discussed finther m the following sections:

Chapterf Tite
Section
5.2 Integrity of Reactor Coolant Pressure Boundary
545 Main Steamlme Isolation Syztem
546 Isolation Condenser System
548 Reactor Water CleanUp/Simtdown Cooling System
549 Main Steamlimes and Feedwater Piping
624 Countaimment Isolation System
6235 Combustible Gag Control in Containment
7 Instrumentation and Control Systems
15 Safety Analyses
16 Technical Specifications
3.1.5.7 Criterion 56 — Primary Containment Isolation
Criterion 56 Statement

Eachhmthncmnectédhecﬂytomemmhnnmtammphaeandpmeummmyreactm

contaimment shall be provided with containment isolation valves az follows, unless it cam be

demonstrated that the containment isolatton provisions for a specific class of lines, such as

mstruments lines, are acceptable on some other defined basis:

(1) One locked closed isolation valve inside and one locked closed isolation valve outzide
contaimment; or

() One antomatic isolation valve mside and one locked closed isolation valve omtside
confainment; or

(3) One locked closed isolation valve inside and one automatic isolation valve outzide
mnhmmmt(ammp]echckvalvemaymtben&edasthzmﬂomahcmlmmvalvemm
contammment); or
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(4) One antomatic isolation valve ngide and one antomafic izolation valve outside containment
(a simple check valve may not be used as the aufomafic isolation valve outmide
containment).

Isolation valves outside containment shall be located az close to the contamment as practical and
upon loss of actuating power, aufomatic isolation valves shall be designed to take the position
that provides greater safety.
Evalnation Against Criterion 56
Lines penetrating contzinment and commectmg dimrectly to the contaimmment atmosphere are
isolatable by one of the methods specified in Criterion 56 or are exempted. A justification is |
provided for each containment penetration in Subsection 6.2 4.
The manner in which the contaimment isolation system meets the requirements of Criterion 56 iz
discnssed further in the following sections:

' Chapter/ Titde

Section

624 Containment Isolation Syztem

7 : Instrumentation and Confrol Systems
15 Safety Analyses

16 Technical Specifications

3.1.5.8 Criterion 57 — Closed Systen Isolation Valves
Criterion 57 Statement

Each line that penetrates primary reactor contaimment and is neither part of the reactor coolant
pressure boundary nor connected directly to the containment atmosphere shall have at least one
contamment isolation valve which shall be either automatic, or locked closed, or capable of
remote mannal operation. This valve shall be outside the containment and located as close to the
contaimment as practical. A simple check valve may not be used as the automatic isolation valve.

Evalnation Against Criterion 57

Each lire that penetrates the containment and is not commected to the contamment atmosphere
andlsnntpmtoflhereactorcoolantprasmebmndarybmatleastunzlsolahonvalwoutmde
contaimment.

The manner in which hines thst penetrate the containment boundary but are ot part of the RCPB
nor connect to the containment atmosphere meet the requirements of Criterion 57 is discussed

further in the following subsection:
Chapter/ Title
Section

6.24 Containment Isolation Systems
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Table 3.2-1
Classification Summary
Safety Quality QA Seismic
vincipal Components’ Clasc’ Location’ Group* Req.® Categony® Nates
15 Passive Containment Cooling System 2 cv B B 1
(PCCS)
[:‘31 Containment Inerting System
. Piping and valves (including supports) 2 RB B B 1
farming part of the containment
boundary
. Electrical modules end cables with 3 RB,CB — B |
safety-related function ’
B,  Other mechanical modules (including N RB, 00 — E NS
nitrogen storage tenks, and vaporizers),
piping, valves, and electrical modules
and cables with no safety function
[T41 Drywell Coaling Syztem (DCS) N Cv —_— E 11
49 Pascive Auto-Catalytic Recombiner 3 Ccv — B 1
Systan (PARS)
62 Containment Monitoring System
Mechanical components involved in 2 CV.RB — B I
containment isoletion function
Other safety-related portions of System 3 CV,RB, — B |
CB
Nomsafety -Related portions of system N CV,RB, —_ E NS
CB
[r64 Environmental Monitaring System N OL — E NS
3232

9 Jo [T 95ed

[ 2Isopouyg

1 wawaddng 994-90 NAN
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3.48.1.73.11 Acceptance Criteria

The acceptance standards of the material specification or IWB-3517.1 shall be used for the

evaluation of boliing. For other preservice and inservice examinations, the requirements of

TWE-3000 for Class MC components and metallic limers or IWL-3000 for Class CC components

ghall be used for evalnation. The nltrazonic acceptance standard of IWE-3511.3 for Class MC

components shall also be applied to metallic Liners of Class CC componends.

345.1.73.12 Evaluation of Inaccessible Areaz .

During operation, areas inzccessible for exanunation for acceptability shall be evaluated if

conditions exist in accessible areas that mdicate the presence of or result in the degradation of the

maccessible areas. For each such area identified, the following infonmation shall be included in

the In-service Inspection (ISI) Summary report required by ASME Section XT, IWA-6000:

(1) A description of the type and estimated extent of degredation, and the conditions that led to
the degradation.

(2) An evaluation of each area and the result of the evaluation.

(3) A description of necessary corrective actions.

3.8.2 Steel Components of the Reinforced Concrete Containment

3.8.2.1 Description of the Steel Containment Components

The ESBWR hss a reinforced comcrete contaimment vessel (RCCV) ‘as described in
Subsection 3.8.1. This section describes the following steel components of the concrete
containment vessel:

(1) Personnel Air Locks

(2) Equpment Hatches

(3) Penetrstions

(4) Drywell Head
(5) PCCS Condenser

3.8.2.1.1 Personne! Air Locks

Two personnel air locks with an inside diameter sufficient to provide 1850 mm (6 ft. 13/16 in.)
high by 750 mm (2 ft. 5-1/2 in ) wide mivimum clearance above the floor at the door way are
provided. One of these air locks provides access to the upper drywell and the other provides
access to the lower drywell.

Lock and swing of the doors is by mammal and automatic means. The locks extend radially
outward from the RCCV into the Reactor Buikling and are supported by the RCCV only. The
minimum clear horizontal distance rot impaired by the door swing is 1850 mm (6 ft- 13/16 in).
Each personnel air lock has two pressure-seated doors interlocked to prevent simultaneous
opening of both deors and to ensure that cne door is completely closed before the opposite door
can be opened. The desipn iz such that the mterlocking is not defeated by postulated
malfunctions of the electrical system. Signals and controls that indicate the operational status of
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Figures 3.8-6,3.8-7, 3.8-8, 3.8-9, 3.8-10 and 3 8-11 show the typical details for the containment

3.5.2.14 Drywell Head

A 10,400 mm (34 f 1-7/16 in} diameter opamng in the RCCV upper drywell top slab over the
RPV iz covered with a removable steel tonspherical drywell head, which is part of the pressure
boundary. This structre 13 shown in Appendix 3G Figure 3G.1-51. The drywell head 1o
designed for removal during reactor refaeling and for replacement prior to reactor operation
using the Reactor Building crane. Ore pair of mating flanges iz anchored in the drywell top glab
and the other iz welded mtegrally with the drywell head. Provizions are made for testing the
There is water in the reactor well above the drywell head during normal operation. The height of
water 18 6.7m 21£t 11-3/4in) The stainless steel clad thickness for the drywell head is
2.5 mm (98 mils) and 13 deternimed m accordance with NB-3122 3 requirements so that it results
m pegligible change to the stress in the base metal.

There are six (6) support brackets attacked to the mmer swmface of the drywell hesd
circumferentially to support the head on the operating floor during refuelmg. These support
brackets have no stiffening effect and do not resist loads when the head is in the installed
configuration. '

To provide a leak resistant refueling seal, a structural seal plate with an attached compressible-
bellows sealing mechanism between the Reactor Vessel and Upper Drywell opening is utilized.
The Refuelmg Seal 15 3 contimous gnsseted radial plate that is anchored to the Drywell opening
m the Top floor slab. The radial plate surrounds the RPV with a radial gap opeming to allow for
thermal radial expansion of the RPV. A circumferential radisl bracket from the RPV connects to
a circomferential bellows that is also connected to the underside of the Drywell opening plate,
thus providing a refueling seal, and allowing for axial thermal expansion of the RPV.

3.8.2.15 PCCS Condenser

T'haem'six(QPCCSCundmerslombedinthePCCsubmmpmmmntpools. The condensers
form an mtegral part of the comtamment boundary while the pool structure and pool water are
outside containment. The PCCS Condensers are described in Subsection 6.2.2.

3.8.2.2 Applicable Codes, Stardards, ard Specifications

38.2.2.1 Codes ard Standards

In addition to the codes and standards specified in Subsection 3.8.1.2.2, the following codes and

standards apply:

(1) American Soctety of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code,
Section ITI, Division 1, Nuclear Power Plant Components, Subsection NE, Class MC and
Code Case N-284.

(2) ANSIAISC N690-1994s2 (2004) Specification for the Design, Fabrication and Erection of
Steel Safety-Related Structures for Nuclear Facilities
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A finite-elernent analysis model and/or mamsal calculation is uzed to determine the streszes m the
body ring and hatch cover of the equipment hatch. The equipment amalysis and the stress
mtensity limits are m accordance with Sub-articles NE-3130, NE-3200 and NE-3300 of ASME
Code Sectton III. The hatch cover with the bolted flange is desigeed in zccordance with
Subarticle NE-3326 of ASME Code Section ITI.

3.8.2.4.13 Other Penetrations

Piping penetrations and electrical penetrations are subjected to various combinations of piping
reactions, mechanical, thermal and seismic loads transmitted through the RCCV wall structure.
The resulting forces due to various load combinations are combined with the effects of external
and intemal pressures. The required analysis and associated stress mfemsity himitz are in
accordance with Sub-article NE-3200 of ASME Code Section I, Divizion 1, including fatigue
evaluation as required.

Mazin Steam and Feedwater penetrations are analyzed uzing the finite element method of analysis
for applicable loads and load combinations. The resulting strestes meet the acceptance criteria
stipulated in Sub-article NE-3200 of ASME Code Section III, Divigion 1, including fatigue
evaluation as required.

3.5.2.4.1.4 Drywell Head

Thedrywe]lhmd,mmMgofshelLﬂmgeddoﬂnemddryweﬂ-headambmsystan,ls
analyzed nsing a finite-element stress analysis computer program or manual calculation. The
stresses, including discontinuity stresses induced by the combination of extemal pressure or
mternal pressure, dead load, live load, themmal effects and seismnc loads, are evalnated The
required amalyses and limits for the resulting stress intensities are in accordance with Sub-articles
NE-3130, NE-3200 and NE-3300 of ASME Code Section II, Division 1.

The compressive stress within the kouckle region camsed by the intemnal presswre and the
compression in other regions caused by other loads are limited to the allowable compressive
stress values in accordance with Sub-article NE-3222 of ASME Code Section ITL, Division 1, or
Code Case N-284.

38.14.1.5 PCCS Condenser

The PCCS condensers are composed of two modules consisting of drum-and-tube type heat
exchangers using horizonta] upper and lower drums connected with nmltiple vertical tubes. Two
dentical modules are coupled to form one PCCS heat exchanger unit The condenser assembly
forms an integral part of the containment boundary and is submerged in the water of an IC/PCC
pool snbcompartment  The pool water lies outside the contaimment boundary. Three (3) sleeves
contamng the feed line, return line and drain lines. penetrate the RCCV Top Slab. The lines
comnected to the condenser and the sleeves are part of the containment boundary. Figure 3.8-7

shows the typical configuration for these passages through the ROCV Top Slab and Table 3.8-17
lists each of these passages and their function.

The PCCS condenser is anchored to the RCCV Top Slab ard is guided by the IC/PCC pool
walls.
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The PCCS condenser iz snbjected to various combmations of piping reacfions, mechanical,
thermal and seismic loads inchuding sloshing. The resulting forces due to various load
combinations are combined with the effects of differential prezsures.

Thke PCCS condenser partz conform to the design requirements of Sub-Articles NE-3200 and

NE-3300 of ASME Code, Section IIT, Subsection NE {(Clazs MC). The PCCS condenzer support
is evaluated in accordance with the ASME Code, Section III, Subsection NF.

3.8.2.5 Structural Acceptance Criteria

The stractural acceptance criteria for the steel components of the RCCV (iLe, the bagis for
establishing allowable stress values, the deformation limits, and the factors of safety) are
established by and in accordance with ASME Code Section III, Subsection NE.

In addition to the structural acceptance criteria, the RCCV 13 designed to meet mimmum leakage
rate requirements discussed in Section 6.2. Those leakage requirements also apply to the steel
components of the RCCV.

The combined loadings designated wder “Nommal”, “Construction”, “Severe Environmental”,
“Extreme  Environmental”, “Abpormal”, “Abnormsal/Severe  Envirommental” and
“Abnormal/Extreme Environmental” in Table 3.8-2 are categorized according to Level A, B, C
and D service limits as defined m NE-3113. The reculting pnmary and loczl membrane,
bending, and secondary stress intensities, inchuding compressive stresses, are calculated and their
comresponding allowable limit is in accordance with Sub-article NE-3220 of ASME Code
Section L.

In addition, the stress intensity limits for testing, decign and Level A, B, C and D conditions are
summarized in Table 3.8-4.

Stability against compression buckling is assured by an adequate factor of safety.

The allowsable stress limits used in the design and analysis of non-pressure-resisting components
are in accordance with Subsection3.82.2.1 (2).

3.8.2.6 Materials, Quality Control, and Special Construction Techniques

The steel components of the RCCV locks, hatches, penetrations, drywell head, and PCCS
condensers are fabricated from the following materials:

e Plate (SA-516 grade 70, SA-240 type 304L, SA-516 grade 60 or 70 purchased to
SA-264) '

» Pipe (seamless SA-333 grade 1 or 6 or SA-106 grade B or SA-312 type 304L or SA-671
Gr CC70)

« Forgings (SA-350 grade LFl or LF2 or SA-182F 304L7316L)
 Tubes (SA-213 grade TP304L) l

« Bolting (SA-320-143 or SA-193-B7 or SA-193-B8 bolts with SA-194-7 or A325 or
A490 nuts)

» Castings (SA-216, grade WCB or SA-352, grade LCB, A27, or 7036)
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Table 3.8-17
PCCS Passages Through RCCV Tap Slab
Il;:a;:z: Description RCCYV Sector
0001 Condenser Steam Inlet Line A I
0007 Condenser Condensate + Vent Line Al I
0008 Condenser Condensate + Vent Line A2 I
0002 Condenser Steam Inlet Line B m
0009 Condenzer Condensate + Vent Line Bl |51
0010 Condenzer Condensate + Vent Lme B2 v
0003 Condenser Steam Inlet Line C m
0011 Condenser Condensate + Vent Line C1 m
0012 Condenser Condensate + Vent Lime C2 m
0004 Condenser Steam Inlet Lme D I
0013 Condenser Condensate + Vent Line D1 |
0014 Condenser Condensate + Vent Line D2 i |
0005 Condenser Steam Inlet Line E v
0015 Condenser Condensate + Vent Line E1 nav
0016 Condenser Condensate + Vent Line E2 v
0006 Condenser Steam Inlet Line F v
0017 Condenser Condenzate + Vent Line F1 v
0018 Condenser Condensate + Vent Line F2 v
Notes:

(1) All PCCS Passages are located in the RCCV Top Slab.
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methods of stress analysis for the core support structores and other reactor internals are discussed
n Subsection 3.9.5.

3.9.3.3 Mam Steam (MS) System Piping

Tke pipmg sy:tems extending from the reactor pressure vesgel to and including the outboard
main steam isolation valve are desipned and comstructed in accordance with the ASME Boiler
and Prezsure Vessel Code Section ITI, Class 1 criteria. Stresses are calculated on an elastic basis
for each service level and evaluated in zccordance with NB-3600 of the Code. Table 3.9-9
shows the specific load combinations and acoeptance critenia for Class 1 piping that apply o this
piping. For the main steam Class 1 piping, the thermal loads per Equation 12 of NB-3600 are
less than 2.4 S, and are more limiting than the dynamec loads that are required to be analyzed
per Equation 13 of NB-3600.

The MS system piping extending from the outboard main steam isolation valve to the turbine
stop valve 1s constructed in accerdance with the Code, Class 2 Criteria.

3.9.3.4 Other Components
Standby Liquid Control (SLC} Accumulator

The standby liqud comtrol accumulator is designed and constructed in accordance with the
requirements of the Code, Class 2 component.

SLC Injection Valve

The SLC injection valve is designed and constructed m accordance with the requirements for the
Code, Class | component.

Gravity Driven Cooling System (GDCS) Piping and Valves

The GDCS valves commected with the RPV, including squib valves, and up to and including the
biased-open check valve are designed and congtructed in accordance with the requirements of the
Code, Class 1 components. Other valves in the system are class 2 components.

Main Steamline Isolation, Safety Relief, and Depressurization Valves

The main steambine isolation valves, SRVs, and Depressurization Valves (DPVs) are designed l
and constructed m accordance with the Code, Subsection NB-3500 requirements for Class 1
components.

Safety Relief Valve Piping

The relief valve discharge piping extending from the relief valve discharge flange to the vent
wall penetration is designed and constructed in accordance with the Code requirements for

Clazs 3 components. The relief valve discharge piping extendmg from the diaplragm floor
penetration to the quenchers is designed and constrocted in accordince with the Code

requirements for Class 3 components.
Isolation Condenser System (ICS) Condenser and Piping |

The ICS piping mside the primary containment between the reactor presswre vessel and the
condenser isolation valve is designed and constructed in accordance with the Code requirements
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39.3.74 Floor-Mounted Major Equipment

Because the major active valves are supported by piping and not tied to bunlding structures, valve
“supports” do not exist (Subsection 3.93.7).

The Isolation Condenser (IC) heat exchangers are analyzed to vexify the adequacy of their |
support structure under varicus plant operating conditions. In all cases, the load stresses i the
critical support areas are within ASME Code allowables.

3.9.3.8 Other ASME INT Component Supports

The ASME III component supports and their attachments (other than thoze discussed in the
preceding subsection) are designed in accordance with Subsection NF of the Code up to the
mterface with the building structre. The intermediate building stractural steel component
supports are desigeed in accordance with the codes as specified m Section 3.8. The loading
combinations for the various operating conditions comrespond fo those used to design the
supparted component. The component loading combinations are discussed in Subsection 3.9.3.1.
Active component supports are discussed m Suwbsection 3.9.3.5. The sfress limits are per
ASMEII, Subsection NF and Appendix F. The supports are evaluated for buckling in
accordance with ASME IIE

394 Control Rod Drive (CRD) System

This subsection addresses the Control Rod Drive system as discussed in SRP 3.9.4. The Control
Rod Drive (CRD) system congists of the control rods and the related mechanical components that

ide the means for mechanical movement As discussed m General Design Critenia 26 and
27, the CRD system provides one of the independent reactivity control systems The rods and
the drive mechsnism are capable of reliably controlling reactivity changes either under
conditions of antficipated operational occumrences, or under postulated accrdent conditions. A

positive means for inserting the rods 12 always maintained fo ensure appropriate margin for

malfunction, such as stuck rods. Because the CRD system is a safety-related systen and
ions of the CRD system are a part of the reactor coolant pressure boundary (RCFB), the

system is designed, fabricated, and tested to quality standards commensurate with the safety-
related functions to be performed. This provides an extremely high probability of accomplishing
the safety-related functions either in the event of anticipated operational occurrences or in
withstanding the effects of postulated accidents and natural phenomena such as earthquakes, as
discussed m General Design Criteria (GDC) 1, 2, 14, and 29 and 10 CFR 50.55a

The plant design meets the requirements of the following regulations:

(1) GDC 1 and 10 CFR 50.55a, as it relates to the CRD system being designed to quahity
standards commensurate with the importance of the safety-related fimctions to be |
performed.

(2) GDC 2, as it relates to the CRD system being designed to withstand the effects of an
earthquake without loss of capability to perform its safety-related functions. |

(3) GDC 14, as it relates to the RCPB portion of the CRD system being designed, constructed,
and tested for the extremely low probability of leakage or gross rupture.
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6.2 CONTAINMENT SYSTEMS
6.2.1 Containment Functional Design

6.2.1.1 Pressure Suppression Containment

Relevant to ESBWR pressure suppression containment system, this subsection addresses or
references to other DCD locations that address the applicable requirements of General Design
Crteria (GDC) 4, 16, 50, and53dlsamsedm5txndmiRevwalan(SRP)6211CRev 6.
The plant meets the requirements of

(1) GDC 4, ss it relates to the environmental and missile protection design, requres that
safety-related structures, systems, and components be designed to accommodate the
dynamic effects (e.g., effectz of missiles, pipe whipping, and discharging fluids that may
result from equipment faihmreg) that may occur during normal plant operation or following
a loaz-of coolant accident;

(2) GDC 16 and 50, as they relate to the contzimment being designed with sufficient margin,
require that the containment and its associated systems cam accommodate, without
exceeding the design leakage rate and with sufficient margin, the calculated pressure and
temperature conditions regulting from any loss-of-coolant accident; and

(3) GDC 33 as it relates to the containment design capabilities provided to ensure that the
containment deign pennits peniodic inspection, an appropriate surveillance program, and
pentodic testing at contaimment design pressure.

6.2.1.1.1 Design Bases

The pressure suppression contaimment system, which comprizes the Drywell (DW) and Wetwell
(WW) and supportmg systems, is designed to meet the following Safety Degign Bases:
¢ The contaimment structore ghall maintain it functional infegrity during and following the
peak transient pressures and temperatures, which would occur following amy postulated
loss-of-coolant accident (LOCA). A design basis accident (DBA) 13 defined as the worst
pipe break, which leads to maxinmmm DW and WW pressure and/or temperature, and is
postulated to occur simultaneously with loss of preferred power. For structural integrity
evaluation, safe shutdown earthquake (SSE) loads are combined with LOCA loads.

* The contaimment structure design shall accommodate the full range of loadmg conditions
consistent with normal plant operation, safety relief valve (SRV) discharge and accident
conditions including the LOCA related design loads.

* The contamment struchure 12 designed to accommodate the maginmm mternal negative
pressure difference between DW and WW, and the maximmn external negative pressure
difference relative to the reactor building surrounding the containment.

¢ The containment strocture and reactor building, with concurrent operation of containment
1solatton fimction (isolates all pipes or ducts which penetrate the containment boundary)
and other accident mitigation systems, shall limmit fission product leakage during and
following the postulated DBA to values less than leakage rates which would result in off-
site doses preater than those set forth m 10 CFR 50.67.
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flow from the postulated rupture of any pipe within the containment.

« The containment structure shall accommodate flooding to a sufficient depth above the
active foel to maintain core cooling and to permit safe removal of the fuel assemblies
from the reactor core after the postulated DBA.

« The containment structure shall be protected from or designed to withstand I
mussiles from internal sources and uncontrolled motion of broken pipes, which could
endanger the integrity of the contaimment.

* The containment structure shall direct the high energy blowdown fluids from postulated
LOCA pipe ruptures in the DW to the mﬁmpcolmdb-ﬂuwgh&e

« The confainment system shall allow for periodic tests at the calculated peak or reduced
test pressure to measure the leakage from individnal penetrations, isolation valves and the
integrated leakage rate from the containment structure to confirm the leak-tight integrity
of the containment

¢ The Containment Inerting System establishes and maintains the containment atmosphere
to £3% by volume oxygen during normal operating conditions to ensure imert
atmosphere operation.

e PCCS shall remove post-LOCA decay heat from the containment for a mimimum of

72 hours, without operator action, to maintain containment pressure and temperature
within design himits.

6.21.1.2 Design Features

The contamment structure is a reinforced concrete cylindrical structure, which encloses the
reactor pressure vessel (RPV) and its related systems and components. Key containment
components and design features are exhibited in Figures 6 2-1 through 62-5. The containment
containment is divided into a DW region and a WW region with interconnecting vent system.
The functions of these regions are as follows:

e The DW region is a leak-tight gas space, summounding the reactor pressure vessel and
reactor coolant pressure boundary, which provides confainment of radioactive fission
MmdebylLOCA,panghbﬁe
suppression pool via the DW/WW Vent System A relatively small quantity of DW

steam is also directed to the PCCS during the LOCA blowdown.

* The WW region consists of the suppression pool and the gas space above it The
suppression pool is a large body of water to absorb energy by condensing steam from
SRV&schnpndplpebmlkwulm 'l‘bpwlunaﬂlhnulmofm
water makeup and serves as a reactor heat sink. The flow path to the WW is designed to
entrain radioactive materials by routing fluids through the suppression pool durmg and
following a LOCA. The gas space above the suppression pool is leak-tight and sized to
collect and retain the DW gases following a pipe break in the DW, without exceeding the
containment design pressure.
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The DW/WW Vent System directs LOCA blowdown flow from the DW info the suppression
pool.

The containment structure consists of the following major structural components: RPV support
structure (pedestal), diaphragm floor separating DW and WW, suppression pool floor glsb,
contaimment cyhndrical outer wall, cylindrical vent wall, containment top slab, and DW head.
The contamment cylindrical outer wall extends below the suppression pool floor slab to the
common basemat. This extension is not part of contaimment boundary, however, it supports the
upper containment cylinder. The reinforced concrete basemat foundation supports the entire
contamment system and extends to support the reactor building serrounding the containment.
The design parameters of the contaimment and the major components of the containment gystem
are given in Tables 6.2-1 through 6.2-4. A detailed dizcusston of their structural design bases is
given in Section 3 8.

Drywell

The DW (Figwre 6.2-1) comprises two volumes: (1) an upper DW vohme surrounding the upper
portion of the RPV and housing the main steam and feedwater pipmg, Gravity Driven Cooling
System (GDCS) pools and piping, PCCS piping, Isolation Condenser System (ICS) piping,
SRVs and piping, depressurization valves (DPVs) and piping, DW coolers and piping, and other
miscellaneous systems; and (2) a lower DW volume below the RPV support structare housing
the lower portion of the RPV, fine motion control rod drives, other miscellanecus systems and
equmpment below the RFV, and vessel bottom drain piping.

The upper DW 18 a cylindrical, remforced concrete structure with a removable steel head and a
diaphragm floor constructed of steel girders with concrete fill The RPV support structure
separates the lower DW from the upper DW. There 13 2n open communzcation path between the
two DW volumes via upper DW to lower DW commecting vents, bult into the RPV support
structure. Penetrations through the Imer for the DW head, equipment hatches, pexsonnel locks,
piping, electrical and imstrumentation lines are provided with zeals and leak-tight cormections.
The DW is designed to withstand the pressure and temperatwre transients azsociated with the
ruptwre of any primary system pipe inside the DW, and also the negative differential pressures
associated with contaimment depressurization events, when the steam m the DW is condensed by
the PCCS, the GDCS, the Fuel and Auxiliry Pools Cooling System (FAPCS), and cold water
cascadimg from the break folowing post-LOCA flooding of the RPV.

For a postulated DBA, the calculated maxinnm DWtunpmnueandabsolmeprmsmeremam‘
below their design valves, shown in Table 62-1.

Vacuum breakers are provided between the DW and WW. The vacuum breaker is a process-
actuated valve, similsr to a check valve. The purpose of the DW-to-WW vacuum breaker system
1s to protect the integrity of the diaphragm floor slab and vent wall between the DW and the
WW, and the DW strecture and liner, and to prevent beck-flooding of the suppreszion pool water
mto the DW. The vacuum bresker is provided with recundant proximity sensors to detect its
closed position. On the upstream side of the vacumm breaker, a DC-powered solenoid-controlled
and spring-operated backup valve designed to fail-close iz provided The vacuum breaker is
Mlustrated in Figure 6.2-28. During a LOCA, when the vacuum bresker openz and allows the
flow of gaz from WW to DW to equalize the DW and WW pressure and subsequently does not
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completely close as detected by the proximity sensors, a control signal will close the upstream
backup valve to prevent extra bypass leakage due to the opening created by the vacoum breaker
and therefore maintain the pressure suppression capability of the containment Redundant
vacuum breaker systems are provided to protect against a single failare of vacuum breaker, ie.,
failure to open or failure to close when required. The design DW-to-WW pressure difference
and the vacunm breaker full open differential pressure are given in Table 6.2-1.

The vacuum breaker valves are protected from pool swell loads by structural shielding designed
for pool swell loads determined based on the Mark II/II containment design.

A safety-related PCCS is incorporated into the design of the containment to remove decay heat
from DW following a LOCA. The PCCS uses six elevated heat exchangers (condensers) that are
an integral part of the containment boundary located cutcide-the-contamment in large pools of
water outside the containment at atmospheric pressure fo condense steam that has been released
to the DW following a LOCA. This steam is channeled to each of the condenser tube-side heat
transfer surfaces where it condenses and the condensate refurns by gravity flow to the GDCS
pools. Noncondensable gases are purged to the suppression pool via vent lines. The PCCS
condensers are an extensiomintegral part of the contsinment boundary, do not have isolation |
valves, and start operating immediately following a LOCA.  These low pressure PCCS
mm.mmmwm No forced circulation

18 required for operation of the PCCS. Steam produced, due to boil-off m the pools
m&:mcsm:mdh&em There is sufficient inventory in
these pools to handle at least 72 hours of decay heat removal The PCCS is described and
discussed in detail in Subsection 6.2.2.

Protection against the dynamic effects from the piping systems is provided by the DW structure.
The DW structure provides protection against the dynamic effects of plant-generated missiles
(Section 3.5).

An equipment hatch for removal of equipment during maintenance and an air lock for entry of
personnel are provided in both the lower and upper DW. These access openings are sealed under
normal plant operation and are opened when the plant is shut down for refueling and/or
maintenance.

which automatically supplies nitrogen to the WW and the DW to maintain a slightly positive
mbpduhurn—ﬂnpﬁmhmmhﬂlqm Before
personnel can enter the DW, it is necessary to de-inert the DW atmosphere. The Containment
Inerting System provides the purge supply and exhaust subsystems for de-imerting, and is
discussed in Subsection 9.4 8.

Wetwell

The WW is comprised of a gas volume and suppression pool water volume. The WW is
comnected to the DW by a vent system comprising twelve (12) vertical/horizontal vent modules.
Each module consists of a vertical flow steel pipe, with three horizontal vent pipes extending into
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6.2.2.1 Design Basis

Functions

PCCS removes the core decay heat rejected to the containment after a LOCA. It provides
contaimment cooling for a mimimum of 72 hours post-LOCA, with containment pressure never
exceeding ifs design pressure limit, and with the Isolation Condenser/Passive Contaimment
The PCCS is an engineered safety feature (ESF), and therefore a safety-related system
General System Level Requirements

The PCCS condenser is sized to maintain the contamment within it¢ pressure limits for design
basis accidents (DBAs). The PCCS is designed as a passive system without power actuated
valves or other components that nmst actively finction Also, it is constructed of stainless steel

to design pressure, temperature and environmental conditions that equal or exceed the upper
m&mmt&mmmﬁm

Performance Requirements
The PCCS comsists of six PCCS condensers. Each PCCS condenser is made of two identical
modules and each entire PCCS condenser two-module assembly is designed for 11 MWt
capacity, nommal, at the following conditions:
+ Pure saturated steam m the tubes at 308 kPa absolute (45 psia) and 134°C (273°F); and
= Pool water temperature at atmospheric pressure and 101°C (214°F)).
Design Pressure and Temperature
The PCCS design pressure and temperature are provided in Table 6.2-10.
The PCCS condenser is in-a-closed-loop-extensionan integral part of the containment pressure
boundary. Therefore, ASME Code SectionIIl Class 2MC, Seismic Category I, and TEMA
Class R apply. Material is nuclear grade stainless steel or other material, which is not susceptible
to intergranular stress corrosion cracking (IGSCC).
6.2.2.2 System Description

6.2.2.2.1 Summary Description

The PCCS consists of six independent closed loop extensions of the containment Each loop
contams a heat exchanger (PCCS condenser) that condenses steam on the tube side and transfers
heat to water in a large pool, which is vented to atmosphere.

The PCCS operates by natural circulation. Its operation is initiated by the difference in pressure
between the Drywell and the Wetwell, which are parts of the ESBWR pressure suppression type
contaimment system The Drywell and Wetwell vacuum breaker must fully close after each
demand to support the PCCS operation. If the vacuum breaker does not close, a backup isolation
valve will close.

The PCCS condenser, swhisl-ic ceives a steam-gas mixture supply |
directly from the Drywell Tbm:hmndnmdblm]mdndﬁepu
vented through the vent line, which is submerged in the pressure suppression pool.
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The PCCS loep-condensers does not have valves, o the system is always available.

6.2.2.2.2 Detailed System Description
The PCCS maintains the contaimment within its pressure limits for DBAs. The system is

designed as a passive system with no components that must actively fumction, and it is also
hﬂdhm&nmlumdﬂmwmdmmm

mmwdnmm@mwam
condenser modules (Passive Contamment Cooling Condensers), as shown Figure 6.2-16. Each
PCCS condenser-leep is designed for 11 MWt capacity and is made of two identical modules.
Together with the pressure suppression confainment (Subsection 6.2.1.1), the PCCS condensers
limit containment pressure to less than its design pressure. The Dryer/Separator pool and
Reactor Well are designed to have sufficient water volmne to provide makeup water to the
IC/PCC pools for at least the initial 72 hours after a LOCA without makeup-te-the JCRCC-poel,
and beyond 72 hours with pool makeup.

The PCCS condensers are located in a large pool (IC/PCC pool) positioned above: snd-swutside:
the ESBWR eentainment S>Wdrywell

Each PCCS condenser is configured (see Figure 6.2-16) as follows.

A central steam supply pipe is provided which is open to the eestaisssent-drywell airspace at its |

lower end, and it feeds two horizontal headers through two branch pipes at its upper end. Steam

is condensed inside vertical tubes and the condensate ig collected in two lower headers.

mwmmmmmmu-kmmwunww
" peReFRbes

The condensate drains into an anmmiar duct around the vent pipe and then flows in a line that
comnects to a large common draim line, which also receives flow from the other header.

The PCCS leeps-condensers receive a steam-gas mixture supply directly from the DW. The
PCCS leepe-condensers are initially driven by the pressure difference created between the
eentaismment-DW and the suppression pool during a LOCA and then by gravity drainage of steam
condensed in the tubes, so they require no sensing, control, logic or power-actuated devices to
function. The PCCS lespe-condensers are an estemsion—integral part of the safety-related |
contamment and do not have isolation valves.
Spectacle flanges are included in the drain line and in the vent line to conduct post-maintenance
leakage tests separately from Type A containment leakage tests.
Located on the drain line and submerged in the GDCS pool, just upstream of the discharge point,
is a loop seal: it prevents back-flow of steam and gas mixture from the DW to the vent line,
which would otherwise short circuit the flow through the PCCS condenser to the vent line. It
also provides long-term operational assurance that the PCCS condenser it fed via the steam
supply hne.
Each PCCS condenser is located in a subcompartment of the IC/PCC pool, and all pool
commumicate at their lower ends to enable full use of the collective water
inventory independent of the operational status of any given IC/PCCS sub-loop.
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A valve is provided at the bottom of each PCC subcompartment that can be closed so the
subcompartment can be emptied of water to allow PCCS condenser mainfenance.

Pool water can heat up to about 101°C (214°F); steam formed, being non-radioactive and having
a shight positive pressure relative to station ambient, vents from the steam space above each
PCCS condenser where it is released fo the atmosphere through large-diameter discharge vents.
A moisture separator is mstalled at the entrance to the discharge vent lines to preclude excessive
moisture carryover and loss of IC/PCC pool water.

IC/PCC expansion pool makeup clean water supply for replenishing level i normally provided
from the Makeup Water System (Subsection 9.2.3).

Level control is accomplished by using a pneumatic powered or equivalent POV in the make-up
water supply line. The valve opening and closing is controlled by water level signal sent by a
level transmitter sensing water level in the IC/PCC expansion pool.

Cooling and cleanup of IC/PCC pool water is performed by the Fuel and Auxiliary Pools
Cooling System (FAPCS) (Subsection 9.1.3).

The FAPCS provides safety-related dedicated makeup piping, independent of any other piping,
wmmummnmm-umwmm
reactor bumlding, whereby a post-LOCA water supply can be comnected.

6.2.2.2.3 System Operation

N 1 Plant Operati

During normal plant operation, the PCCS leepscondensers are in “ready standby.™ I
Plant Shutdown O .

During refueling, the PCCS condenser maintenance can be performed, after closing the locked
open valve, which connects the PCCS pool subcompartment to the common parts of the IC/PCC
Passive Contai ¢ Cooling Overats

The PCCS receive a steam-gas mixture supply directly from the DW; it does not have any
valves, so it immediately starts into operation, following a LOCA event Noncondensables,
together with steam vapor, enter the PCCS condenser; steam is condensed inside PCCS
condenser vertical tubes, and the condensate, which is collected in the lower headers, is
discharged to the GDCS pool. The noncondensables are purged to the Wetwell through the vent
line.

6.2.2.3 Design Evaluation

The PCCS condenser is an estessien-integral part of the containment (DW) pressure boundary |
and it i used to mitigate the consequences of an accident. This fimction classifies it as a safety-
related ESF. ASME Code Section I1I, Class 2-MC and Section XI requi for design and |
accessibility of welds for inservice imspection apply to meet 10 CFR 50, Appendix A,

Onlnmlﬁ Quality Group B requirements apply per RG126. The system is designed to
I per RG 1.29. The common cooling pool that PCCS condensers share with

theIClofﬂ:hnllthonthyﬁannaslﬁty-MdESF and it is designed such that no
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locally generated force (such as an IC system rupture) can destroy its fimction Protection
mwmm fire and flood qplybthmmpnd

mmpumnmbahdnamnmdﬁepndmmectedby
the IC/PCC pool subcompartment from the effects of missiles tomados to comply with
10 CFR 50, Appendix A, Criteria 2 &-and 4.

The PCCS condenser can not fail in a manner that damages the safety-related ICS/PCC pool
because it is designed to withstand induced dynamic loads, which are caused by combined
seismic, DPV/SRV or LOCA conditions in addition to PCCS operating loads.

In conjunction with the pressure suppression contaimment (Subsection 6.2.1.1), the PCCS is
designed to remove heat from the contzinment to comply with 10 CFR 50, Appendix A,
Criterion 38. Provisions for inspection and testing of the PCCS are in accordance with
Criteria 39, 52 & 53. Criterion 51 is satisfied by using nonferitic stainless steel in the design of
the PCCS.

The intent of Criterion 40, testing of containment heat removal system is satisfied as follows:

« The structural and leak-tight integrity can be tested by periodic pressure testing;

* Functional and mﬁlﬁym‘ummﬁdbmﬂnemmmw
of the system;

* Performance testing during in-plant service is not feasible; however, the performance
WJ&MSWWWMP@MW&H:M
facility before their application to the plant containment system Performance is
estabhished for the range of in-confainment environmental conditions aLOCA.
Integrated confainment cooling tests have been completed on a full-height reduced-
section test facility, and the results have been comrelated with TRACG computer program

containment

analytical predictions; this computer program is used to show
pﬂﬁnmmnhﬂ:lquhdm&heﬂhﬂnﬂlllulﬁlﬁuli

6.2.24 Testing and Inspection Requirements
The PCCS is an extension-integral part of the containment, and it will be periodically pressure l

tested as part of overall containment pressure testing (Section 62.6). Also, the PCCS loops
maintenance.

If additional inservice inspection becomes necessary, it is mmecessary to remove the PCCS
mmmm&m—m&mw&luﬂwymmd|
tubes can be done with the PCCS condensers in place during refueling outages

6225 Iuﬁ-nﬂiunqm

hgcnmtnuuhfsm Themmmgdmmm
Containment System instrumentation is described in Subsection 6.2.1.7.
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— meet Seismic Category I design requirements; and
— are protected against a high energy line break outside of containment when needed

High Pressure Nitrogen Supply System

The High Pressure Nitrogen Supply System penetrates the containment at fwo places. Each line
has one air-operated shutoff valve outside and one check valve inside the containment.

6.2.43.2.2 Effluent Lines from Containment

Tables 6.2-33 through 62-42 identify the isolation fumctions in the effluent Imes from the
containment.

Fuel and Auxiliary Pools Cocling System Suction Lines

The FAPCS suction line from the GDCS pool is provided with two power-assisted shutoff
valves, one pneumatic-operated or equivalent inside and one pneumatic-operated or equivalent

Before it exits containment, the FAPCS suction line from the suppression pool branches into two
parallel lines, each of which penetrate the containment boundary. Once outside, each parallel
flow path contains two pneumatic isolation valves in series after which the lines converge back
mio a smgle flow path Because the penetration can be under water under certain accident
conditions, there can be no isolation valve located inside the containment The valves are
located as close as possible to the containment.

Subsection 9.1.3.3 contains additional information about the contsimment isolation design for
FAPCS
Chilled Water System

The CWS effluent lines penetrating the containment each has a pneumatic-operated or equivalent
shutoff valve outside containment and a pneumatic-operated or equivalent shutoff valve inside
the containment.

Containment Inerting System

The penetration of the Containment Inerting System consists of two tandem quarter-tum shutoff
valves (normally closed) in parallel with tandem stop or shutoff valves. All isolation valves on
these Iines are outside of the containment to provide accessibility to the valves. Both
contaimment isolation valves are located as close as practical to the containment The valve
nearest to the contaimment is provided with a capability of detection and termimation of a leak.
The piping between the containment and the first isolation valve and the piping between the two
mmumuwmdSRPS&lemdnw
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— meet Safety Class 2 design requirements;

— withstand the containment design temperature;

— withstand internal pressure from containment structoral integrity test;
— withstand loss-of-coolant accident transient and environment;

— meet Seismic Category I design requirements; and

— are protected against a high energy line break oufside of confamment when needed
for contamment isolation.

Process Radiation Monitoring System

one retum kne. Each line uses three tandem stop or shutoff valves . One valve is a manmal-
operated valve used for maintenance and is located close to the containment The other two
valves are pneumatic, solenocid or equivalent power operated valves and are used for isolation.
All three valves are located outside the containment for easy access. The piping to these valves
18 considered an extenzion of the containment boundary.

6.2.43.23 Conclusion on Criterion 56

In order to ensure protection against the comsequences of an accident involving release of
significant amounts of radioactive materials, pipes that penetrate the containment have been
demonstrated to provide isolation capabilities on a case-by-case basis in accordance with
Criterion 56.

In addition to meeting isolation requirements, the pressure-retaining components of these
systems are designed to the quality standards commensurate with their importance to safety.
6.2.43.2.4 Evaluation Against General Design Criterion 57

< solati

6.2.43.25 Evaluation Against Regulatory Guide 1.11

Instrument lines that comnect to the RCPB and penetrate the containment have 1/4-inch orifices
and manual isolation valves, in comphiance with Regulatory Guide 1.11 requirements.

6.2.433 Evalnation of Single Failure

A single failure can be defined as a failure of a component (e.g., a pump, valve, or a utility such

as offsite power) to perform its intended safety-related fonctions as a part of a safety-related
system. The purpose of the evalnation is to demonstrate that the safety-related fimction of the
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ESBWR Design Control Decument/Tier 2
Table 6.2-10
Passive Containment Cooling Design Parameters

Number of PCCS LeepsCondensers- Six (6) l

Heat Removal Capacity for Each 11 MWt Nominal for pure saturated steam at

LespCondenser- a pressure of 308 kPa (absolute) (45 psia) and l
temperature of 134°C (2732 °F) condensing
inside tubes with an outside pool water
temperature of 102°C.

System Design Pressure- 758.5 kPa(g) (110 psig)

System Design Temperature- 171°C (340°F)

6.2-81
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Table 6.2-47
Containment Penetrations Subject To Type A, B, and C Testing
Penetration Description Location | RCCV | Penetration [Leak Test
Number (1) (3)Room # | Sector | Type(4) | Type (5)
P54 MPEN-0001 | Supply to MSIV Accummlators UD TBD B A
TED B A
IVl | Hatch B
VIV | AwlLock B
T | Hatch B
v B
1 Air Lock B
6.2.9.1.1 T11: Contninment Vessel: Temporary Services During Outages & Spare Penstrations
T11-MPENTBD | 1emperary Services During LD TBD | TBD B
T11-MPENTBD | Temperary Services During LD TBD | TBD B
T11-MPEN-TBD E&; Services Duning uD TED TBD B
T11-MPEN-TBD E&; Services During UD TBD | TBD B
Outapes I
T11-MPEN-TBD | emporary Services During WA m TBD B
| Outages L
TBD | T8D | A
TBD TBD S A
TBD TBD S A
TBD T E B
TED i E B
TBD m E B
TBD v E B
TBD 1 E B
TBD I E B
TBD i E B
TBD I\ E B
E 3 B A
ES B A
Is i B A
s Al B A
Is au B A
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hﬂr‘hl‘*f‘:
Type (5)

s

I O

T31-MPEN-0003

T31-MPEN-0004

T31-MPEN-TBD

T31-MPEN-TBD

e (owerDoywel)
T62: Contuinment Monitoring System (CMS)

-
nnnnnmmwmumwwwwmwwui

2la(ala|ald | |e 5 0 lE = ||l e ] o] 2]F5

ER A A

T62-MPEN-TBD

Ti2-02 & Drywell Gas Sample
Line From Upper Drywell (Loop

T62-MPEN-TBD

H2-02 & Drywell Gas Sample
Retum Line to Upper Drywell

5| g SEEES-aﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁnﬁ?F

0
[
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HCW - HIGH CONDUCTIVITY WASTE
LCW - LOW CONDUCTIVITY WASTE

(J)Miimtype:. ) - )
Type A = Penetration with thermal sleeve for High Energy Pipelines; (Main Steam &
Feed Water Lines) (Fig. 3.8-6)
Type B = Penetration with thermal sleeve for Low / High Energy Flow (DCD, Rev.3 Fig.
386and38-7)
Type C = Embedded penetration without thermal sleeve (Cold Type for flow
Tmax<93°C(200°F)) (Fig. 3.8-8)
Type E = Penetration with flanges (Electrical, Maintenance, etc) (Fig. 3.8-10)
Type I = Instrumentation and Radiation Monitoring. (TBD)
Type M = Multiple penetration with sleeve (Fig. 3.8-9)

S = Spare Mechanical Penetration (TBD)

(5) Al penetration will be subject to the Type A, Integrated Leak Rate Test (ILRT)

All penetrations excluded from Type B testing are welded penetrations and do not

6.2-152
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Note: The components attached to the PCC condenser are an integral part of the containment
boundary above the drywell. The IC/PCC pool structure and cooling water are located outside
the containment boundary.

Figure 6.2-1. Containment System
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Figure 6.2-15. Summary of Severe Accident Design Features
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Figure 6.2-16. PCCS Schematic Diagram
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6.6 PRESERVICE AND INSERVICE INSPECTION AND TESTING OF CLASS 2 AND
3 COMPONENTS AND PIFING
The ESBWR meets requirements for periodic inspection and testing of Class 2 and 3 systems in
General Design Criteria (GDC) 36, 37, 39, 40, 42, 43, 45 and 46, as specified in part in
10 CFR Section 50.55a, and as defailed in Section XI of the ASME Code. Compliance with the
preservice and inservice examinations of 10 CFR 50.55a, as defailed in Section XI of the Code,
satisfies in part the requirements of GDC 36, 37, 39, 40, 42, 43, 45 and 46. ESBWR meets
SRP 6.6, Revision 1 acceptance criteria by meeting the ISI requirements of these GDC and
10 CFR 50.55a for the areas of review described m Subsection I of the SRP.
programs for Quality Groups B and C, ie., ASME Code Class 2 and 3 items, respectively, as
defined in Table 3.2-3. This section describes those programs implementing the requirements of
The development of the preservice and inservice inspection program plans will be the
responsibility of the COL Holder, and is based on the ASME Code, Section XI, Edition and
Addenda specified in accordance with 10 CFR. 50.552. The COL Holder specifies the Edition of
ASME Code to be used, based on the date of issnance of the construction permit or license, per
10 CFR 50.55a.

6.6.1 Class 2 and 3 System Boundaries

The Class 2 and 3 system boundaries for both preservice and inservice inspection programs and
the system pressure test program include item boundaries inclnde all or part of the following:

* (Deleted)

= Nuclear Boiler System (NBS)

= Isolation Condenser System (ICS)

+ Control Rod Drive (CRD) system

* Standby Liquid Control (SLC) system

= Gravity Driven Cooling System (GDCS)

= Fuel and Auxiliary Pools Cooling System (FAPCS)

= Reactor Water Cleamup/Shutdown Cooling (RWCU/SDC) system
. mmw-us;«m(cwm

6.6.1.1 Class 2 System Boundary Description
Those portions of the systems listed in Subsection 6.6.1 within the Class 2 boundary, based on
Regulatory Guide 1.26, for Quality Group B (QGB) are as follows:
= Portions of the Reactor Coolant Pressure Boundary as defmed within Subsection 3.2.2.1,
but which are exchuded from the Class 1 boundary pursnant to Subsection 3222

6.6-1
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LD&IS, Lighting and Servicing Power Supply, Liquid Waste Management System
(LWMS), Low Voltage Distribution System,

« Mam Condenser and Auxilianies, Man Twrbine, Makeup Water System Medium
Voltage Distnbution System, Meterological Observation Station, Moisture Separator
Reheater System (MSR),

« NBS, NMS,
. WMW}MWMMS]@WW“M
; \ RCCS)—Plant Service Water System |

- QDCIS,
L RMWWAQMMBMHVAQMW

e SB&PCS, Service Air System (SAS), Service Building HVAC, Sexrvice Water Building
HVAC, SLC, Solid Waste Management System, SSLC/ESF, Standby On-Site AC Power
Supply, Stator Cooling Water System (SCWS),

» Twhbine Auxiliary Steam System (TASS), mmw-gwwm
Turbine Building HVAC, Turbine Bypass System (TBS), Turbine Generator Control
System (TGCS), Turbine Gland Seal System, Turbine Lube Oil System (TLOS), Turbine
Main Steam System (TMSS),

« Uninterruptible AC Power Supply,
e Yard Miscellaneous Drain System
e Zinc Injection System (ZNI), an optional system

7.6 Conformance with Regulatory Requirements and Industry Codes and Standards

NUREG 0800, Table 7.1 lists the Code of Federal Regulations, General Design Criteria (GDC),
Staff Requorements Memoranda, Regulatory Guides, and Instrumentation and Controls Branch
Memoranda (HICB), that provide acceptance criteria or guidelines for each subsection of
Chapter 7.

The specific regulatory acceptance criteria and guidelines requirements applicable to each of
these systems (safety-related or nonsafety-related but significant for plant operation) identified in
thSRPneMﬁedmdhbuhleme:hln?l-l The requirements applicability
matrix for Table 7.1-1 iz followed in Sections 72 through Section 7.8 by a regulatory
conformance discussion for each specific system. The degree of applicability and conformance,
along with any clarifications or justification for exceptions, are presented in the evaluation
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GDCS pools and does not have the capability to mamally or automatically switch over to an
alternate source. This TMI item does not apply to the GDCS.

73.1.24 Testing and Inspection Requirements

The GDCS frip logic units are self-tested contimually at preset intervals. The trip logic units of
each logic division, and the timers for the automatic logic, may be tested during plant operation
(IEEE Std. 603, Sections 5.7 and 6.5). GDCS equipment mside containment i¢ tested during
refueling outages. Refer to Subsection 6.3.2.7.4 for a discussion of mechanical tests performed
on the GDCS.

73.1L25 Instramentation Requirements

The performance and effectiveness of the GDCS in a postulated accident may be verified by
observing the following control room indications (IEEE Std. 603, Section 5.8):

«  Status indication of locked-open maintenance valves;

= Status indication and alarm of the squib-actuated valves;

« Position indication of the GDCS check valves;

s Drywell and RPV pressure indication;

* Suppression pool high/low level alarm;

= GDCS pool high/low level alarm;

=  Water level indication for the GDCS pools, suppression pools and RPV; and

* Squib valve open alarm
The environmental capabilities of the GDCS instrumentation, located in the drywell that is
essential for system operation, are designed to operate in a drywell environment resulting from a
LOCA. The thermocouples that initiate the deluge valves are qualified to operate in the severe
accident environment. safety-related instruments, located outside the drywell, are qualified for
the enviromment in which they must perform their safety-related function.

732 Passive Containment Cooling System

The Passive Containment Cooling System (PCCS) consists of hest-enchangesleepscondensers
that are an estessien-integral part of the containment pressure boundary. The PCCS heat
exchanger tubes are located in a pool of water (IC/PCC pool) outside the contaimnment. A rise in
containment (drywell) pressure above the pressure suppression pool (wetwell) pressure, as would
occur during a loss of reactor coolant info the drywell, forces flow through the PCCS heat

Condensate from the PCCS drains to the GDCS pools. As the flow
passes through the PCCS hest-enchangesscondensers, heat is rejected to the IC/PCC pool, thus
components. The PCCS does not have
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of route are documented based on the predicted number of times usage exther per year and/or per
refueling or service oufage.
9.15.4 System Description
9155 Fuel Building and Reactor Building Cranes
Fuel Building Crane
The Fuel Building (FB) is a reinforced concrete strocture enclosing the Spent Fuel Pool, cask
handling and cleaning facility, and ofher equipment The FB crane provides heavy load Lifting
capability for the Fuel Building floor. The main hook (160-ton capacity) is used to lift new fuel
contamers and the spent foel shipping cask (refer fo Table 9.1-6). The orderly |
placement and movement paths of these components by the FB crane preclude transport of these
heavy loads over the Spent Fuel Pool.
The FB crane is used during refueling/servicing as well as when the plant is on-line. Minimum
crane coverage includes the FB floor laydown areas, cask wash down area, and the FB
equipment hatch. During normal plant operation, the crane is used to handle new foel shipping
containers and the spent fiel shippimg cask. The FB crane is interlocked to prevent movement of
heavy loads over the Spent Fuel Pool.
Reactor Building Crane
The Reactor Buillding (RB) is a reinforced concrete structure enclosing the Reinforced Concrete
Containment Vessel (RCCV), the refueling floor, the new fuel storage buffer pool, buffer pool
qupdmmﬁﬂmh&yumddnmyhﬂm and other equipment.
The Reactor Building crane provides heavy load lifting capability for the refoelmg floor. The
main hook (150-ton capacity) is used to lift the drywell head, RPV head insulation, RPV head,
dryer, chimmey head / separator strongback, and RPV head stud tensioning equipment (refer to
Table 9.1-7). The orderly placement and movement paths of these components by the RB crane
preciude transport of these heavy loads over the spent fuel racks i the deep pit buffer pool or
over the new fuel rack.
mmmummmm-weﬂnmmephum—m Minimum
crane coverage inciudes the RPV for shield block removal and vessel servicing RB refueling
floor lay down areas, RB equipment storage, refueling floor and the equipment hatches. The RB
crane is interlocked to prevent movement of heavy loads over the fuel pools.

9.1.5.6 Other Overhead Load Handling System

Upper Drywell Servicing Equipment

The upper drywell amrangement provides servicing access for the main steam isolation valves
msrvo,mmmmyﬁdﬂm&"‘l v
(DPVs), Passive-Centainment Coolinglsolation Condenser System (PCCSICS) valves, Gravity-
mmmsym{@cs}ﬂmﬂwmmm"m Ammb
the space is from the RB through either the upper drywell personnel lock or equipment
Equipment is removed through the upper drywell equipment hatch. Platforms are provided for
Gevicag i s et Sl st il ol o, kil coshing
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9232 ASME Boiler and Pressure Vessel Code (B&PVC), Section XI — Rules for Inservice
Inspection of Nuclear Power Plant Components (see Table 1.9-22)

9.2.4 Potable and Samitary Water Systems

The Potable and Samitary Water Systems meets GDC 60 for provigions provided to control the
release of liqmd effluents contaiming radioactive material. The Potable and Sanitary Water
s;mhwmmwmmmpmhmm

mm.qphﬂnmﬂpwﬂehdupofhphﬂend samitary water system that provides
mww:wwm;—wlummwwp&wm
during peak demand periods.

The COL applicant will provide design of wastewater effluent systems that properly disposes of
sanitation wastes.

9.2.5 Ultimate Heat Sink

In the event of an accident, the Ultimate Heat Smk (UHS) is provided by the Isolation
Condenser / Passive Containment Cooling Systesa—(IC/PCCS) pools, which provide the heat
transfer mechamism for the reactor and contamment to the atmosphere. Subsection 5.4.6
provides a discussion of the Isolation Condenser System (ICS). Subsection 622 provides a
the initial 72 hours of an accident, connections between the Dryer/Separator pool and IC/PCC
pools open passively on a low level set point in the IC/PCC pool.
The IGREGSIC/PCC pools meets GDC 2, by compliance with Regulatory Guide (RG) 1.29.
The applicable sections of RG 1.29 incinde Position C.1 and C2. The seismic and quality group
classifications are identified in Table 3.2-1. The ICRGGS-PCC pools with makenp from the
Pool and Reactor Well meets GDC 2, by compliance with Regulatory Guide
(RG) 1.27 Positions C.2 and C.3 by providing a highly reliable source of decay heat A separate
reservoir is not required for the ESBWR Standard Plant.

The IC/PCCS pools meets GDC 5 for shared systems and components important to safety. The
IC/PCCS pools Standard Plant design does not share any SSC with any other unit

The requirements of Criterion 44 for heat transfer to the ultimate heat sink are met. The ESBWR
ultimate heat smk is the IC/PCC pools. In the event of a design basis accident, heat is transferred
to the IC/PCC pool(s) through either the Isolation Condenser System (ICS) or the Passive
Containment Cooling System (PCCS). The water in the IC/PCC pool(s) is allowed to boil and
the resulting steam is vented to the enviromment The IC/PCCS pools hasve no active
components and requires seneither electrical motive power nor control and instrumentation
mmmmmmamuuumm-&
The connections to the Dryer/Separator Pool are required to ensure sufficient coolant for the
initial 72 hours of an accident, however these connections open passively, are redundant, and
require no motive power fo operate. Therefore, no credible single failure can prevent these
REESpools from performing theirits safety-related fimetion.
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The IC/PCC pool is located outside confamment and is accessible for periodic inspections.
mmﬁmeMmm-bem
mspection of the eondmssq)odhumdmofﬂ!msgﬂmmh&ng

mw—m&mdulcmocsmmﬂgmdmu

'lbdnlgnofﬂmICIPOCSpwkma:ﬂleumdeM Fedundaneyand
solation-are prov odic precsure feeting o -CS. Functional testing to assure
mmﬂhh@nmnmﬂdbympwlhdndmhhh
during periodic walkdowns As discussed i the evaluation of Criterion 44, the IC/PCCS pools
eemm«qulenoamww:n&ﬁmﬂmmﬁmbﬂn&ympod
Mmummuwm-m srefore
testingis-not-pececsary.. These mdmmwﬂpﬁcw
described in the response to Criterion 45 verify system integrity.

The Fire Protection System (FPS) provides post accident makeup to the IC/PCCS pools through
safety-related Fuel and Auxiliary Pool Cooling System (FAPCS) pipmg. The FPS also provides
post-accident makeup to the Spent Fuel Pool (SFP). Subsection 9.5.1.1 discnsses the FPS as a
backup emergency makeup water source through the FAPCS. Table 9.5-2 provides IC/PCCS
pools and SFP mininmm total makeup flow rate at 72 hours into an event. Subsection 95.1
states that the FPS provides on-site makeup water capability from 72 hours to 7 days, after which
time offsite makeup sources can be provided via safety-related external FAPCS conmections
outside the Reactor and Fuel Buildings or on-site makeup sources, if available, can be used.
Table 9.5-2 provides flow rate requirements for the makeup water sources. Normally, the
makeup water quality is required to meet demineralized water chemistry requirements.
chemistry requirements.

The principle heat source is decay heat from the fuel The decay heat imput rate decreases with
time as shown in the Figure 6.2-10c series of decay heat curves. The evaporation and, therefore,
makeup water demsnd would not exceed the Table 95-2 rate beyond 72 hours.
Subsection 9.1.3.2 discusses the use of the FAPCS to provide water after 72 hours post-accident.
The requirement for 30-day water makeup capability during an accident is identified in Table
1.9-9, SRP Section 9.2.5.

9.2.5.1 COL Unit-Specific Information

The COL applicant will develop procedures to nse an external makeup water supply through the

FAPCS to the IC/PCCS pools and SFP beyond 7 days following an accident. The external

mhpwdumlywiﬂ,namm,mtﬂnhmmlsufﬂnkbk?iam
entitled, “Required minimmum total makeup flow rate to IC/PCC and spent fuel pools at 72 hours
into an event,” and, a3 a minimum, the fire protection water chemistry requirements.

9.25.2 References

None.
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e A smgle failure is not assumed because fire protection does not require considering a
single failore. The systems available for vessel inventory and pressure comtrol,
containment pressure/temperature control and suppression pool temperature control are:
— Isolation Condensers (ICs)

— Control Rod Drive (CRD) pumps

— Fuel and Auxiliary Pools Cooling System (FAPCS) in any mode

— Reactor Water Cleanup/Shutdown Cooling (RWCU/SDC) in any mode
— Safety Relief Valves (SRVs)

— Depressurization Valves (DPVs)

—  Gravity-Driven Cooling System (GDCS) squib valves

— GDCS loops

— Pasgive Containment Cooling System (PCCS)oope-

= No Spuricus operation of SRV or DPV is assumed.

= It is conservatively assumed that it would take 10 minutes for operators to evacuate from
MCR to remote shutdown panel (RSF).

* Four ICs are automatically imitiated when the reactor water level reaches Level 2, to
stabilize the plant (Three ICs are credited in the SBO analysis). Operators can momitor
from RSP and mamally control ICs to assure the maximum cooldown rate not exceeding
100°F /b, if necessary.

* When the reactor water level reaches Level 2, CRD pumps are automatically initiated to
provide vessel inventory makeup. (Not credited n SBO amalysis) The maximum
dahyedtmunusm restoring alternating (AC) power because off-
site power is not available. (Kmmwhmhdﬁm].eﬂlmm
any Automatic Depressurization System (ADS) initiation to blow down the reactor

pressure vessel.

= After the operator regains hmmmmﬂmlmdm
necessary. RW[ZIISDCMhmhd the normal shutdown procedure to
ensure the reactor pressure vessel temperature is 212°F within 72 hours to meet the
cold shmtdown requirement.

# ICs and CRD pump flow stabilize the plant. SRVs, DPVs, PCCS and GDCS can be
utilized if IC does not stabilize the plant, which is very unlikely.
15.5.6.3 Analysis Results
At event initiation, reactor scram occurs. Therefore core subcriticality is achieved and
et

The analysis results (station blackout event) in Subsection 15.5.5 can be conservatively applied
for this fire protection analysis, because more ICs are available for fire protection. As shown in
Figure 15.5-10, with operation of three ICs, the reactor water level iz well above the top of active

15B-1
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3617
3.6 CONTAINMENT SYSTEMS
3.6.1.7 Passive Containment Cooling System (PCCS)
LCO 36.17 Six PCCS condensersiceps shall be OPERABLE.
APPLICABILITY: MODES1,2 3, and4.
ACTIONS
CONDITION REQUIRED ACTION COMPLETION TIME
A. One or more PCCS Al Resgiore PCCS 8 hours |
Londensersioops condenzergloops to
inoperable. OPERABLE status.
B. Required Action and B.1 Be in MODE 3. 12 howrs
associated Completion
Time not met. AND
B2 Bein MODES. 36 hours
ESBWR 36.1.7-1 Rev. 2.04.0, 12222006 |
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3617
SURVELLANCE REQUIREMENTS
SURVEILLANCE FREQUENCY

SR 36.1.71 Verify that the spectacle flanges for the vent and Prior to entering
drain line for each PCCS condenserioop are in the MODE 2or4 from |
free flow position. MODESTT

containment was
de-inerted while in
MODE 5, if not
performed within
the previous 92
days

SR 36.1.7.2 Verify each PCCS subcompartment manual isolation | 24 months
valve is locked open.

SR 36.1.73 Verify that both modules in each PCCS 24 months on a
condensericop have an unobstructed path from the | STAGGERED |
drywell inlet through the condenser tubes fo the TEST BASIS for
following: each PCCS

condensericop |
a. the GDCS pool through the drain line; and
b. the suppression pool through the vent ine.
ESBWR 361.7-2 Rev. 2.04.0, 322206 |
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B36.1.7

B 3.6 CONTAINMENT SYSTEMS

B 3.6.1.7 Passive Containment Cooling System (PCCS)
BASES
BACKGROUND The Passive Containment Cooling System (PCCS) is designed to transfer

heat from the containment drywell to the IC/PCC pools following a LOCA.
The PCCS consists of six independent loopscondensers. Each
Wilhﬂmﬁ.ﬂ(mum
exiensionan integral part of the containment pressure boundary. The
condensers are located above the containment drywell and are
submerged in a large pool of water (IC/PCC pool) that is at almospheric
pressure. Sieam produced in IC/PCC pools by boiling around the PCCS
condensers is vented to the aimosphere. LCO 3.7.1, "1solation
mucmmmmpcc)m supporis the
PCCS in removing sufficient post-LOCA decay heat from the containment
to maintain containment pressure and femperature within design limits for
a minimum of 72 hours, without operator action (Ref. 1).

Each of the six PCCS condensers consists of two identical modules. A
single central steam supply pipe, open to the esniainmentdrywell atits |
lower end, directs steam from the drywell to the horizontal upper header
in each module. Sieam is condensed inside banks of verfical tubes that
connect the upper and lower header in each module. The condensate
collects in each module’s lower header and drain volume and then retums
by gravity flow to the GDCS pools. By retuming the condensate fo the
GDCS pools, it is available fo retum o the RPV via the GDCS injection
lines. Noncondensable gases that collect in the condensers during
operafion are purged fo the suppression pool via vent lines. Back-flow
from the GDCS pool to the suppression pool is prevenied by a loop seal
in the GDCS drain line.

The RPV is contained within the drywell so that drywell pressure rises
above the pressure in the wetwell (suppression pool) during a LOCA.
This differential pressure inilially directs the high energy blowdown fluids
from the RPV break in the drywell through both the pressure suppression
pool and through the PCCS heat-exchangerloopecondensers. As the
flow passes through the PCCS heat-exchangerscondensers, heat is
rejected fo the IC/PCC pool, thus cooling the containment.

There are no isolation vailves on the PCCS inlets from the drywell, or the
drain lines fo the GDCS pools, or the vent lines to the suppression pool.
The PCCS does not have instrumentation, control logic, or power-
actuated valves, and does not need or use electrical power for its

B3617-1 Rev. 2.04.0, 1222006 |
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BASES

BACKGROUND (continued)

operafion. This configuration makes the PCCS fully passive because no
active componenis are required for the system o perform its design
function (Ref. 2).

Spectacie flanges in the suppression pool vent line and the GDCS drain
line are used to isolate the condensers fo allow post mainienance

leakage tesis separately from Type A containment leakage fests.

Each PCCS condenser is located in a sub-compariment of the IC/PCC
pool. During a LOCA, pool water temperature could rise to about 101°C
(214°F) (Ref. 1). The steam formed will be non-radicactive and have a
slight positive pressure relaiive fo stafion ambient. The steam generated
in the IC/PCC pool is released fo the atmosphere through large-diameter
discharge venis. A moisiure separaior is installed at the enfrance fo the
discharge vent lines fo preciude excessive moisiure cammyover and loss of
IC/PCC pool water.

Each PCCS lespcondenser is designed to remove a nominal 11 MWt of |
decay heat assuming the containment side of the condenser coniains

pure, saturated steam at 308 kPa absolute (45 psia) and 134°C; and, the
IC/PCC pool is at aimospheric pressure with a water temperature of

102°C.
APPLICABLE Reference 1 contains the resulis of analyses used o predict containment
SAFETY pressure and temperature following large and small break LOCAs. The
ANALYSES intent of the analyses is to demonsirate that the heat-removal capacity of

the Passive Containment Cooling System is adequate to maintain the
containment condifions within design limits. The time history for
containment pressure and femperature are calculated fo demonsirate that
the maximum values remains below the design limit.

PCCS satisfies Criterion 3 of 10 CFR 50.36(c)2)(i).

LCO ﬂanmlmmPocsmldememmheOPERA&F_

leepegondensers be met. Additionally, the izolation valve for the PCCS |
condenser subcompartment pool must be locked open. This ensures that
the full capacity of the IC/PCC pools is available to provide required
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cooling water to the PCCS loopcondenser for at least 72 hours after a |
LOCA without the need for operator acfion. With fthe PCCS
LCO (continued)

subcompariment isolation valve locked open, subcompartment level is
maintained in accordance with the requirements in LCO 3.7 1, “Isolation
Condenser Sysiem (ICS)/Passive Containment Cooling System (PCCS)
Pools." {There are no requirements for femperature in individual PCCS
condenser subcompartments._}

APPLICABILITY The PCCS lecpacondensers are required fo be OPERABLE in MODES 1, [
2, 3, and 4 because a LOCA could cause a pressurization and heat up of
containment.

In MODES 5 and 6, the probability and consequences of a LOCA are

reduced because of the pressure and femperature limitations of these
MODES. Therefore, passive containment cooling is not required fo be
OPERABLE in MODES 5and 6.

ACTIONS Al

If one or more PCCS leepegondensers are inoperable, the functional |
capability of the passive containment cooling is degraded. All six PCCS
leapecondensers must be made OPERABLE within 8 hours o ensure that |
containment cooling capacity is maintained. The Completion Time of 8
hours has been shown to be acceptable by Reference 3.

BilandB2

If the Required Action and Completion Time of Condition A are not met,
funclional capability of the passive containment cooling is assumed lost.
Therefore, the plant must be placed in a MODE in which the LCO does
not apply. To achieve this siatus, the plant must be brought io at least
MODE 3 within 12 hours and to MODE 5 within 36 hours. The
Completion Time is reasonable, based on plant design, to reach required
plant conditions from full power conditions in an orderly manner and
without challenging plant systems.
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SURVELLANCE SR 36171

REQUIREMENTS
vent, and drain line for each PCCS leepcondenser are in the free flow |
position. This SR is required fo ensure that each PCCS condenser is
aligned fo function properly when required.

Performance of the SR requires entry into containment. Therefore, this
SR is performed prior to entering MODE 2 or 4 from MODE 5 i
containment was de-inerted while in MODE 5 unless the SR was
performed in the previous 92 days. This Frequency is acceptable
because changing the siatus of the PCCS spectacie flanges requires
enfry into containment, is performed under administrative controls during
planned maintenance activiies, and is unlikely to occur inadvertently.

SR 36.1.72

This SR requires verificaion every 24 months that each PCCS
subcompariment manual isolation valve is locked open. This SR ensures
that the level in the subcompartment is the same as the level in the
associaled expansion pool and that the full volume of water in the IC/PCC
pools iz available to each condenser. If this SR is not met, the associated
PCCS leapgondenser may not be capable of performing its design |
function. The 24 month Frequency is based on engineering judgment

and is acceptable because fhe manual isolation valves between the
IC/PCC pool and the PCCS subcompartments are locked open and
maintained in their comrect position under adminisirative controls.

SR 38173

This SR requires periodic verification fhat both modules in the condenser
in each PCCS leepgondenser have an unobsiructed path from the drywell |
inlet through the condenser tubes fo both the GDCS pool through the

drain fine and to the suppression pool through the vent line.

The Frequency for this SR is 24 months on a STAGGERED TEST BASIS
for each PCCS leopcondenser. This Frequency requires tesfing one of
the six PCCS leepscondensers every 24 months, which is consistent with
the normal refueling interval. The Frequency is based on engineering
judgment, the simplicity of the design, and the requirement for
containment access fo perform the SR.
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REFERENCES 1. Chapter 6.
2. Chapier 19.
3. {NEDO-33201, "ESBWR Design Cerfification Probabilistic Risk
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B 3.7 PLANT SYSTEMS
B 3.7.1 Isolation Condenser (IC)/Passive Containment Cooling (PCC) Pools

BASES

BACKGROUND The Ultimate Heat Sink (UHS) is the Isolation Condenser (IC)/Passive
Containment Cooling (PCC) Pools that transfer heat from fhe Isolation
Condenser Sysiem (ICS) and the Passive Containment Cooling System
(PCCS) to the aimosphere (Ref. 1). The ICS removes heat from the
Reactor Coolant System (RCS) following RCS isolation, a loss of
feedwater or a Loss of Coolant Accident (LOCA). The PCCS removes
heat from the containment following a LOCA or any transient that
releases heat to the containment.

The IC/PCC pools are located above and outside the containment
boundary, directly above the diywell fop siab. The condenser module
associaled with each ICS train and PCCS loepcondenser is submerged in |
a separate subcompariment of the IC/PCC pools. Subcompariments

(i.e., poois) P3A, P3B, P3C, and P3D contain the condenser modules for
the ICS trains. Subcompartments P4A, P4B, P4C, P3D, PAE, and P4F
contain the condenser modules for the PCCS ‘eepgondensers.

Heat from the ICS and PCCS condensers is transfemred fo water in the
associated subcompartment causing the water in the subcompariment to
boil. Following reacior pressure vessel (RPV) isolation or a LOCA,
subcompariment water temperature could rise fo about 101°C (214°F).
The steam formed will be non-radioactive and have a slight positive
pressure. The sieam from each subcompariment collects in the common
airfsteam space above the subcomparimenis and IC/PCC pools. The
steam is then released to the atmosphere through two large-diameter
discharge venis located on opposite sides of the expansion pools. A
moisture separator is installed at the entrance to the discharge vent lines
to preciude excessive moisture camyover and loss of IC/PCC pool water.
No forced circulation equipment is required for operation (Refs. 2 and 3).

To support decay heat removal for 72 hours without operator action,
water must be supplied to the IC and PCC subcompartments to replace
the water lost by boilling. This water is supplied from the two IC/PCC

expansion pools, the dryerfseparator pool, and the reactor well pool.

Each IC and PCC subcompariment is connected to its associated

expansion pool by a manually operated valve located below the water
level, which allows makeup water from the expansion pool fo flow into the
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BASES

BACKGROUND (continued)

botiom of the subcompartment. The subcompartment izolation valves are
nomally locked open so that the full inventory of the associated
expansion pool is available fo any subcompartment. The
subcompariment isolation valves can be closed fo isolate a
subcompariment allowing it fo be empflied for maintenance of the
condenser.

In addition to the IC and PCC subcompariments, each expansion pool is
partitioned into three paris. Manually operated valves, which are normally
locked open, separate each partition.

The dryerfseparator pool and reacior well pool are normally isolated from
the expansion pools because the dryerfseparator pool and reacior well
are maintained at a higher water level than the expansion pools. The
dryerfseparator pool is connected fo each expansion pool by redundant
{squib} valves that open automatically when there is a low level in the
expansion pools. The dryer/separator pool is connected to the reactor
well pool through the reactor well gate, which is not instalied during
normal plant operation. By connecting the dryerfseparator pool and
reactor well pool fo the expansion pools, the volume of water available to
the ICS and PCCS subcompariments is sufficient to support decay heat
removal for 72 hours without operator action or the need to replenish the
water in the expansion pools.

Cooling and clean up of IC/PCC pool water is performed by Fuel and
Auxiliary Pools Cooling Systemn (FAPCS). The FAPCS includes a
separate subsystem with its own pump, heat exchanger, and water
treatment unit that is dedicated for cooling and cleaning of the IC/PCC
pools o prevent radioactive coniamination of the IC/PCC pools. The
FAPCS includes flow paths for post-accident make-up water transfer,
from the fire protection system and off-site water supply sources to the

IC/PCCS pooils (Ref. 1).
APPLICABLE In the event of a LOCA, the passive PCCS is required to maintain the
SAFETY containment peak pressure and femperature below design limits
ANALYSES for at least 72 hours after the LOCA without operator action (Ref. 3).

in the event of reactor isolation or a stafion blackout, the ICS must
maintain the reactor coolant system pressure and temperature below
design limits and remove core decay heat for at least 72 hours afler
reactor isolation without operator acfion (Ref. 2).
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APPLICABLE SAFETY ANALYSES (confinued)
The IC/PCC pools are also needed as a heat sink for the ICS condensers

when ICS is used as a backup to fhe Reacior Water Cleanup/Shutdown
Cooling System (RWCU/SDC) system for decay heat removal when

The IC/PCC pools safisfy Criterion 3 of 10 CFR 50.36(c)(2)(i).

LCO This LCO requires that the IC/PCC pools are OPERABLE. Operability
requires the IC/PCC poois be maintained within specified limits for
minimum level and maximum average femperaiure.

To ensure that the fotal volume of water in the IC/PCC pools is available
to the IC and PCC condensers, izolation valves between the partitions
within each expansion pool must be locked open and the isolation valves
beiween the dryerfseparator pool and the expansion pools must open
automatically on a low water level signal from the expansion pools.
Additionally, the reacior well gaie, which connecis the reactor well fo the
dryer/separator pool, must be removed.

APPLICABILITY The IC/PCC pools are required to be OPERABLE in MODES 1, 2, 3, and
4 because the PCCS and ICS could be required fo respond to an event
that caused pressurization and heat up of containment or the ICS could
be required to respond to an RPY isolation.

Requirements for the IC/PCC expansion pools in MODE 5 are determined
by the requirements of LCO 3.5.5, Isolation Condenser System (ICS) -
Shutdown.

ACTIONS Al

If the IC/PCC pool is not OPERABLE, the ICS and PCCS may not be
capable of performing their required safety function for 72 hours and the
initial conditions used in the analyses in References 2 and 3 may not be
met. Required Action A.1 requires that the IC/PCC pools be restored
within 8 hours. The Completion Time of 8 hours is accepiable because
the IC/PCC pools still provide substantial heat sink capacily and there are
alternate methods for providing makeup to the IC/PCC pools.
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ACTIONS (continued)
B.1and B2

If the Required Action and associated Completion Time of Condition A
are not met, Required Aclion B.1 requires that the plant be placed in a
MODE in which the LCO does not apply. To achieve this status, the plant
must be brought fo at least MODE 3 within 12 hours and to MODE 5
within 36 hours. The Completion Time iz reasonable, based on plant
design, fo reach required plant conditions from full power conditions in an
orderly manner and without challenging plant systems.

SURVEILLANCE SR3711andSR3712
REQUIREMENTS

This SR requires verification every 24 hours that the water levels in each
expansion pool and the water level in the dryer/separator pool or reacior
well are within specified imits. These levels are necessary to ensure that
the volume of water in the IC/PCC pools is sufficient fo support decay
heat removal via the ICS andfor the PCCS for 72 hours without the need
to replenish the water in the expansion poois. The 24 hour frequency is
accepiable because abnormal water levels are identified by alamms and
indication in the confrol room.

SR 3.7.1.2 is modified by a Note that specifies that this SR is not required
to be met in MODES 3 and 4. Considering the reduced decay heat loads
following events initiated after the reactor is shutdown, isolation of these
pools from the IC/PCC expansion pools when in Modes 3 and 4 will not
result in a significant reduction in the 72 hours assumed available to
provide makeup fo the IC/PCC pools.

SR 3713

This SR requires verification every 24 hours that the bulk average
temperaiure of the IC/PCC pools is = 43.3°C (110°F). The bulk average
temperature is calculated based on the volume and temperature of the
water in the expansion pools, the IC and PCC subcomparimentis, the
dryerfseparator pool, and the reactor well. This value for the average
temperature of the IC/PCC pools is an assumption in the analyses
described in References 2 and 3 that determined that the heat sink
capacity of the IC/PCC pools is sufficient fo support decay heat removal
for 72 hours without the need io replenish the water in the expansion
pools. The 24 hour frequency is acceptable because operaiors will be
prompily alerted to abnormal water temperatures by alarms and indication
in the control room.
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SURVEILLANCE REQUIREMENTS (continued)
SR 3714

This SR requires verification every 24 months that each manual isolafion
valve belween the IC/PCC expansion pool partitions is locked open. This
SR is needed to ensure that the full volume of water in each expansion
pool is available fo the IC and PCC subcompartmenis. If this SR is not
met, the ICS and PCCS may not be capable of performing their design
functions. The 24 month Frequency for this SR is based on engineering
judgment and is acceptable because the manual isolation valves between
the IC/PCC pool pariitions are locked open and maintained in their comrect
posifion under administrative conirols.

SR 3715

This SR requires verification every 24 months that the reactor well-io-
dryerfseparator pool gate is not installed. This SR is necessary o ensure
that the volume of water in the reactor well is available fo the ICS and/or
the PCCS condensers. The volume of water in the reacior well is needed
to support decay heat removal for 72 hours without the need fo replenish
the water in the expansion pools. The 24 month frequency is acceptable
because installation of the reactor well-to-dryer/separator pool gate is a
significant change in plant status that would not occur without the
cognizance of the operators.

This SR is madified by a Note that specifies that this SR not required to
be met in MODES 3 and 4. Considering the reduced decay heat loads
following events initiated after the reactor is shutdown, isolation of this
poal from the IC/PCC expansion pools when in Modes 3 and 4 will not
result in a significant reduction in the 72 hours assumed available to
provide makeup fo the IC/PCC pools.

SR 3716

This SR requires verification every 24 months that each isolation valve
between the IC/PCC expansion pools and the dryer/separator actuaies
on an aciual or simulated automatic iniiation signal. At least one of the
two valves that isolate each expansion pool from the dryer/separator pool
must be open to ensure that the volume of water in the dryer/separator
pool and the reactor well is available fo the ICS and/or the PCCS heat
axchangarcondensers. The volume of water in the reactor well and the
dryerfseparator pool is needed o support decay heat removal for

72 hours without the need o replenish the water in the expansion pools.
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SURVEILLANCE REQUIREMENTS (continued)

This 24 month Frequency is consistent with the normal refueling interval.
This interval will allow the SR o be performed during a plant outage. This
SR is modified by & Note that excludes valve actuation as a requirement
for this SR fo be met. This is accepiable because fhe design of the
{squib-actuaited} valve was selected for this application because of its
very high reliabiity.

This SR is modified by a Note that specifies that this SR not required to
be met in MODES 3 and 4. Considering the reduced decay heat loads
following events initiated afier the reactor is shutdown, isolation of this
pool from the IC/PCC expansion pools when in Modes 3 and 4 will not
result in a significant reducfion in the 72 hours assumed available to
provide makeup fo the IC/PCC pools.

SR 3.71.7

This SR requires verificaion every 10 years that each ICS and PCCS
pool subcompariment has an unobstrucied path for steam release
thwough moisture separaior fo the almosphere. This SR is needed to
ensure that sieam formed in the ICS and PCCS subcompariments will be
properiy vented to the aimosphere. The Frequency is based on
engineering judgment and the simplicity of the design. This Frequency is
accepiable because the flow path from the ICS subcompariments to the
expansions pool area and through the moisture separators will be verified
whenever the ICS is used.

REFERENCES 1. Chapter 9.
2. Chapler 5.
3 Chapier 6.
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